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ERRATA 


10th line from hottom change 4.167 to 4.115. 
Line 16, parenthesis on nximerator "before "X 
1st line, change "distillate" to "residue." 
1st line, change '"distillate" to "residue." 
Lines 4 and 5 from bottom, change 35.5 to 36 
Line 6 from bottom, change 0.0623 to 0.0618. 

Line 8 from bottom, change 0.0089 to 0.00883 

Line 8 from bottom, change 0.0089 to 0.00883 

Line 8 from bottom, change 0.356 to 0.530. 

Line 5 from bottom, * change 0.356 to. 0.530. 
Line 5 from bottom, change 0.367 to 0.547. 
Line 4 change 0.0243 to 0.243. 

Line 8 change 0.0243 to 0.243. 
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PREFACE 


The authors have long felt the need for a simple 
and concise laboratory manual of water and sewage 
chemical analysis and have sought to fill that need 
in the preparation of this book. 

The book contains specific directions in out- 
line form for making the chemical determinations nec- 
essary for the control of water and sewage treatment 
plants, the analysis of polluted water, and the ex- 
amination of industrial wastes. Each determination 
is accompanied by calculation formulae, many of #iich 
are numerically illustrated. In addition to the spe- 
cific directions for the tests, the book contains 
methods of sampling, laboratory technique, a discus- 
sion of the chemistry involved, interpretation of re- 
sults, and related topics, making it more valuable 
as a general manual for those using the results of 
water and sewage analysis. 

The manual will be useful to: 

(1) Those engaged in water and sewage treatment 
plant operation who find it necessary, along with 
other duties, to make certain laboratory determina- 
tioxis, but because of lack of training in chemistry 
must rely upon specific directions in carrying out 
the steps involved. 

(2) Those with some training in chemistry, but 
having only infrequent occasion to make certain labo- 
ratory determinations on water, sewage and Industrial 
wastes. 

(S) The plant chemists who will find the manual 
a convenient and ready reference. 

(4) The sanitary engineer engaged in making 
stream surveys or studying the characteristics of wa- 
ter or sewage in connection with plant design. 

(5) Colleges and universities offering instruc- 
tion in water and sewage analysis who will find the 
manual useful as a laboratory guide. 
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SECTION I 


METHODS OF ANALYSIS 
Part A. Water Analysis 

Note . Numbers inclosed in parentheses thus (s) , re- 
fer to numbered reagents and solutions in 
Section II . 

Total Solids 

1. Clean a platinum evaporating dish and place it in 
a 103^C oven for one hour, or if the loss on ig- 
nition determination is also to be made, ignite 
to low red heat in the muffle furnace or over a 
burner. (A platintim dish is to be preferred but 
others may be used.) 

2. Place the dish in a desiccator to cool, and weigh. 

3. Place the weighed dish on a steam or water bath. 

4. Thoroughly mix the sample and measure out 100 ml. 
(a larger volume may be used) by means of a vol- 
umetric flask. 

5. Transfer the sample to the dish, rinse the flask 
several times with small portions of distilled wa- 
ter, and add the rinsings to the dish, being, sure 
that all suspended matter is transferred. 

6. After the sample is evaporated, dry the dish and 

‘ residue in the lOS^C- oven for one hour, cool in 

the desiccator and weigh. 

Calculations ■ 

Increase in weight (grams) 1 1,000,000 

— ^ ^ ^ ^ ^ = p.p.m. 

ml. of sample 


total solids. 
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Example 

Sample No. 1 No . 2 

It. of dish and resi- 


due (100 ml.) 
Wt. of dish 
Wt. of residue 


48.2982 gms. 43.8646 gms. 
48.2540 ” 43.8210 

0.0442 ” 0.0436 ” 


Total solids No. 


1 Q>Q442 X 1,000,000 
100 


442 p.p.m. 


Total solids No. 


o 0.0436 X 1,000,000 
100 


= 436 


p.p.m. 


Average = 439 p.p.m. 


Loss on ignition 

1. Place the evaporating dish and residue from the 
total solids determination in the muffle furnace, 
or ignite over a burner, at low red heat until the 
ash is white or nearly so. 

2. Allow the dish to cool and moisten the residue 
with a few drops of distilled water. 

3. Dry in the 103^C oven for one hour, cool in a 
desiccator and weigh. 

Calculations 


Loss in weight (grams) X 1,000,000 

— V = p.p.m. loss 

ml. of sample 


on Ignition. 

Example 

Sample No. 1 

Wt. of dish and resi- 
due (100 ml.) 

Wt, of dish and ash 

Loss in weight 0.0091 


No. 2 

48.2982 gms. 43,8646 gms, 
48.28 91 ” 43.8551 

0.0095 ■ V. 


Loss on ignition No. 1 1 .. ?■ j : i 9PQ . ? , Q0 . ? = 91 

p.p.m. 

Loss on ignition No. 2 — — =: 95 

WO r. r. 

p.p.m. 

Average = 93 p.p.m. 
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Suspended and dissolved solids ^ Gooch crucible method 
Reagents « Section II, No. (1) 

1. Pour about 25 lal. of a thin emulsion of asbestos 
fiber (l) into a Gooch crucible. 

2; Apply the suction gently until the mat is formed. 

3. Wash with distilled water until no fibers of as- 
bestos run through the filter. 

4. Dry the crucible and ignite at a low red heat. 
Cool, moisten with distilled water, dry at 103^0 
for one hour, cool in a desiccator and weigh, 
(igniting and moistening may be omitted ,if the 
loss on ignition of suspended solids is not to be 
determined.) 

5. Measure 100 ml, (use a larger sample if the sus- 
pended matter is low) of the well mixed water by 
means of a volumetric flask. 

6. Filter the sample through the prepared Gooch cru- 
cible and also several distilled water rinsings 
of the flask being sure that all suspended matter 
has been transferred to the crucible. 

7. Dry in the oven at 103^C, cool in the desiccator 
and weigh. 

Calculations 

Increase in weight (grams) X 1,000^000 _ ^ 

ml. of sample 

suspended solids. 

P.p.m. total solids - p.p.m. suspended solids 
= p.p.m. dissolved solids. 

Example 

Sample No. 1 No . 2 

Wt. of crucible and 

solids (500 ml.) 15.6208 gms. 14.0921 gms. 

Wt. of crucible 15.5726 ” 14.0420 ” 

Wt. of solids 0.0482 « 0.0501 


w 1 0.0482 X 1,000,000 a 

Suspended solxds No. 1 - 96,4 

SOO p.p.m. 

0.0501 X 1,000,000 

Suspended solids No. 2 rr^ - 100,2 

p.p.m. 

Average = 98.3 p.p.m. 
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•Dissolved solids » 45.9 - 98,3 = 340,7 p.p,m» '■ 

Loss on.' ignition, suspended and dissolved solids ., , 
Gooch crucilDle method 

1« Ignite the crucible from the suspended solids de- 
termination at low red heat. 

Cool and moisten the ash vtf^ith a few drops of dis- 
tilled water. 

3«"Dry in the oven at 103^0 for one hour^ cool in the 
desiccator and weigh. 

Calculations 

Loss in weight (grams) X 1^000^000 p p loss 
ml, of sample 


on Ignition of suspended solids, 

P.p.m. loss on ignition total solids - 
on ignition of suspended solids = p.p. 
ignition dissolved solids. 

Example 

Sample No. 1 

It. of crucible and 

solids (500 ml.) 16.6208 gms, 

Wt. of crucible and ash 15.6000 ” 

Loss in weight 0.0208 ” 


' p.p.m, loss 
m. loss on 


No, 2 

14.0921 gms, 
14.0711 « 

0.0210 « 


Loss on ignition No. 1 2il929j . 991 =: 41 . 6 

' p.p.ml 

Loss on ignition No. 2 — 1 = 42.0 

" p.p.m! 

Average = 41.8 p.p.m. 

Loss on ignition dissolved solids =93 - 41. S 
= 51.2 p.p.m. 


lissolved and suspended solids, filtration method 

1, Filter a portion' of the water sample through a: 

. filter: paper. 

2. Repeat the method given for the total' solids de- 
termination using 100 ^ml^ of the above filtrate* 
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Calculations 

Increase in weight (grams) X l^OQO^QQQ 
ml* of sample 


dissolved solids. 

P.p>m. total solids - p.p.m. dissolved solids* 
= p.p«m. suspended solids. 


Example 

Sample No. 1 

Wt. of dish and resi- 
due (100 ml.) 48.2882 gms. 

Wt. of dish 48.2540 ” 

Wt« of dissolved solids 0.0342 


No. 2 

43.8546 gms. 
43.8210 ” 

0.0336 ” 


Dissolved solids No. 1 Q " ^ ^ PQQ ^ QQQ = 342 


100 


p*p*m. 


T . ,,, ,, o 0.0336 X 1,000,000 _ 

Dissolved solids No. 2 — = 336 

p.p.m. 

Average = 339 p.p.m. 

Suspended solids = 439 - 339 = 100 p.p.m. 


Loss on ignition, dissolved and suspended solids , 
filtration method 

1, Ignite the dish from the dissolved solids determi- 
nation at low red heat. 

2, Cool and moisten the residue with a few drops of 
distilled water. 

3, Dry in the oven at 103^0 for one hour, cool in the 
desiccator and weigh. 

Calculations 

Loss in weight (grams) X 1,000,000 == p p 
ml. of sample 

on ignition of dissolved solids. 

P.p.m. loss on ignition total, solids - p.p.m. loss 
on ignition dissolved solids = p.p.m. loss on ig- 
nition suspended soli^.' 
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Example 

Sample 

Wt* of dish and resi^ 
due' (100 ml.) 

Wt«' of dish and ash 
Loss in weight 


Mo. 1 

48.2882 gms. 
48.2832 ” 


. 0.0050 

Loss on ignition dissolYed solids No, 
0.0050 X 1,000,000 
100 


lo. 2 

43.8546 gms,. 
43.8495 „ 

0.0055 
1 


50 p.p.m. 


Loss on ignition dissolYed solids Mo. 2 

55 p.p*m. 


0.0055 X 1,000,000 
100 


AYerage = 51.5 p.p.m. 


Loss on ignition suspended solids = 93 - 51.5 
= 41.5 p.p.m. 


Alkalinity 

Reagents. Section II, Mos. (2), (3), (4). 

1. Pipette 100 ml. of the sample into one Erlenmeyer 
flask and the same quantity of distilled water 
into another. 

2. Add four drops of phenolphthalein indicator (2) to 
■ ''each. 

5. If the sample becomes pink, add 0.02 I sulphuric 
acid (3) from a burette until the pink color just 
disappears and record the number of ml. of acid 
used. 

4. Add two drops of methyl orange indicator (4) to 
' each flask. 

5. If the sample becomes yellow, add 0.02 I sulphuric 
acid until the first difference in color is noted 

: when compared with the distilled water. The end :'; 

' point is orange:. ' (Methyl .orange is yellow' in al- :■ 
solution, orang# in neutral, and red in 
acid.) Record the number of ml. of acid used. 
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Calculations 

Total alkalinity as p.p.m. CaCOg = total ml. acid 
X 10, 

Differentiation of alkalinities due to OH, CO 3 
and HCO 3 . 

Let P = the ml. of 0.02 N sulphuric acid. used for 
the titration with phenolphthalein and T = the ml. 
of the acid used for the total titration (phenol- 
phthalein plus methyl orange) . 

There are five possible conditions as follows: 

1. P = T 

Hydroxide (p.p.m.) = P X 10 

2. P greater than 1/2 T 

Hydroxide (p.p.m.) = (gp - T) X 10 
Normal carbonate (p.p.m.) = g(T - P) X 10 

3. P = 1/2 T 

Normal carbonate (p.p.m.) = T X 10 

4. P less than 1/2 T 

Normal carbonate (p.p.m.) = gp X 10 
Bicarbonate (p.p.m.) = (T - 2P) X 10 

5. P = 0 

Bicarbonate (p.p.m.) = T X 10 
All of the above results are in terms of p.p.m. as 
CaCOg. 

Examples 

The five possible alkalinity conditions are il- 
lustrated in the five different results of the ti- 
trations given in the following table. 


Volume of sample, 100 ml. 


Condition 

Eesults of titration 

Alkalinities (p.p.m* as CaC 03 ) 

ale. of 0.02 H acid 

Hydroxide 

(OH) 

Carbonate 

(C 03 ) 

Bicarbonate 

(HC 03 ) 

, . P 

X 

■■'■■'I'",:'' 

.18 

18 

180 


0 


12 

18 

60 


0 

'"'I 

, ,9 

18 

0 

180 


4^ 

. 6 . 

18 

0 

. 120 ' 

60 



18. 

0 


180 
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^^ Acldity 

Reagents/ Section II, Nos. (2), (5). 

1., Pipette 110 ml. of the sample into one Erlenmeyer'., 

,/ flask and the same quantity . of distilled water,, 
into another. 

2. Add 4 drops of phenolphthalein indicator (2) to 
each. 

Z.' Add 0.02 N sodium hydroxide (5) from a burette to 
the sample until the first permanent pink color 
appears and record the number of ml. of sodium hy'- 
dr oxide used. 

Calculations 

Ml. of 0.02 N NaOH X 10 = p.p.m. total acidity ex- 
pressed in terms of CaCOs. 

Carbon dioxide (CQ2) 

Reagents. Section II, Nos. (2), (6). 

1. Fill a 100 ml. Nessler tube to the mark with the 
freshly taken sample . 

2. Add 10 drops of phenolphthalein indicator (g) . 

8. Titrate rapidly with N/44 sodium hydroxide (6) 

from a burette, stirring gently, until a slight 
permanent pink color appears, Recor^d the number 
of ml. of sodium hydroxide used. 

Calculations 

■■ Ml. of N/44 NaOH X 10 = p.p.m. carbon dioxide. 

Note 

This test should be made at the time the sample is 
taken because of the ease ?/ith which the carbon 
dioxide escapes. If this is not' possible, the 
sample bottle should be completely filled and 
stoppered and the sample kept at a temperature low- 
er than that at the time it was collected. 

Hydrogen-ion concentration (pH) 

There are two general types, of apparatus adapted 
for the determination of hydrogen-ion concentra- 
tion, the colorimetric and electrometric. Each ', 
of these are best adapted to special coxiditlons^ rr 
The colorimetric type is best suited for the usual 
conditions foxind in determining the pH of water. 
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There are many kinds of colorimetric pH out- 
fits on the market most of which are of equal ac- 
curacy and couTenience for water analysis determi- 
nations* There are two general types (a) those 
having color disks and (b) those having standard 
color solutions. 

.The following general method can be applied 
to almost all of the colorimetric outfits* 

1. Place 10 ml. of the sample into each of the two 
or three tubes provided. 

2. To one tube add the designated quantity of indi- 
cator solution. (The other tubes do not receive 
the indicator . ) 

Place the tubes in the comparator in such a manner 
that the color standards are opposite the tubes 
not containing the indicator. The color compari- 
son must be made by looking through the same 
thickness of liquid having the same color and 
turbidity as the sample. 

4. Compare the colors^ select and read the pH of the 
tube having a color nearest that of the sample. 

Total hardness y soap method 

Reagents. Section II, No. (?) . 

1. Pipette 50 ml. of distilled water into a glass- 
stoppered 8~ounce bottle, 

2. Ad(l™.standard soap solution (?) a drop at a time 
from a burette, shaking the mixture vigorously 
after each addition. 

5 . The end-point is reached when a permanent lather 
is produced which will remain as a complete cover 
over the surface of the water for 5 minutes with 
the bottle lying on its side. 

4. Record the ml. of soap solution used. This is 
called the'^^lather factor." 

5. 'Pipette 50 ml. of the sample into. a similar bo t- 

■ '"tie. ■ " '.fe" 

6. Add the soap solution in small portions at first 
(0«5 ml.), shaking vigorously after each addition. 

7. As the end-point is approached, the quantity add- 
ed should be reduced to 0.1 ml. for each addition. 
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8 ^ After, a , permanent lather is produced which will 
last for 5 minutes with;the bottle on its side^ 
record the ml, of soap solution used. 

9. Continue the addition of small quantities of 
soap solution. If the lather again disappears^ 
the' first end-point was false due to the pres- 
ence of magnesium salts. 

10. Continue the addition of the soap solution until 
the true end-point is reached. 

11. If the quantity of soap solution used is greater 
than 7 ml.^ repeat the procedure (No. 5 to 10) 
using a smaller sample diluted to 50 ml. with 
distilled water. 

Calculations 

(ml. soap solution - ml. lather factor) X IQQQ 
ml. of sample 


= p.p.m. total hardness expressed as CaCOs. 
Example 

Ml. of sample used 

Ml. of soap solution for lather factor 
Ml. of soap solution for sample 

(6.2 - 0.4) X 1000 ^ 

50 


50.0 

0.4 

6.2 


p.p.m. total hardness 


as CaCOs 


Total hardness, soda-reagent method 

Reagents. Section II, Nos. (4), (S), (S) , 

1. Pipette 200 ml. of the sample into a 500 ml. 
Erlenmeyer flask. 

2. Add four drops of methyl orange (4). 

3. : Add 0.02 I sulphuric acid (s) from a burette until 
;the first permanent color change is observed. , 

4. ....Place .200 ml. of distilled water into a second 
.flask. 

5. Boil each for 5 minutes. 

6. Add: exact ly^ 25 ml. of soda-reagent (0^^^^^^ to each 
flask and boil for 10 minutes and until the volume 
is reduced to about 150 ml. 
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7. Cool and pour into a 200 ml. voliMe trie flask, 
rinsing the solutions into the flasks with small 
quantities of boiling distilled water. 

8 . Make up to the mark with boiled distilled water 

and mix. ■ , ^ 

9. Filter each solution, rejecting the first 50 ml. 
of, each filtrate. 

10. Pipette a 50 ml. portion of each filtrate into 

an Erlenmeyer flasks add 4 drops of methyl orange, 
and titrate each portion with 0.02 N sulphuric 
acid, recording the ml. of acid used. 

Calculations 

(ml. 0.02 N H 2 SO 4 used for distilled water - ml. 
of 0.02 N H 2 SO 4 used for sample in Step No. 10) 

X 20 = p.p.m. total hardness as CaCOs. 

Example 

Ml. of 0.02 N H 2 SO 4 used for distilled 

water 31.2 

Ml. of 0.02 N H 2 SO 4 used for sample in 

Step 10 19.6 

Difference 11.6 

11.6 X 20 = 232 p.p.m. total hardness as CaCOg. 

Total hardness, gravimetric method 

Use the gravimetric methods for the determina- 
tion of calcium and magnesium (iron and aluminum 
if present in large amounts) given on pages 16 
■ to' 18 . 

Calculations 

(^^^^^ Ca X 2.496) + (p.p.m. Mg X 4.167) = p.p.m. 
total hardness as CaCOa. 

Note 

If iron and aluminum are present in any consider- 
able quantity, they must be determined and the 
values changed to terms of CaCOa. These results 
must then be added to the hardness as determined 
above. To change FegOg to CaCOs multiply by 
1;872. To change AI 2 O 3 to CaCOs multiply by 
/;;■■■ ,v.'''2.:932. ■ 



12 


GHEMIGAL .MALYSIS OF WATER MD SEWAGE 


CarlDonate and non- carbonate hardness 

The . carbonate and non-carbonate hardness may be' 
from the results of the alkalinity and 
total hardness determinations* 

Calculations 

Carbonate hardness* 

Let normal carbonate alkalinity + p*p*m* 

bicarbonate alkalinity = S# 

Case I* Yi^here S is equal to or less than the to- 
tal hardness^ then S = carbonate hardness* 

Case II.« Where S is greater than the total hard- 
ness then the total hardness = the carbonate hard- 
ness* 

Hon-carbonate hardness. 

P.p.m* total hardness - p.p.m, carbonate hardness 
= p.p.m. non-carbonate hardness* 

MagnesiiMj yolumetric method 

Reagents. Section II, Nos. (2), (3), and (9). 

1. Pipette 100 ml. of the sample into a 250 ml. Erlen 
meyer flask. 

2. Add Just sufficient 0.02 N sulphuric acid (3) to 
neutralise the total alkalinity. (Use the quan- 
tity of acid as determined on a separate portion 
of sample.) 

3. Boil down to about one-half the Yolume. 

4. Rinse into a 200 ml. Yolumetric flask using small 
'■ portions' of freshly boiled, hot, distilled water. 
5« Place 100 ml. of freshly boiled, hot, distilled 

: -water in a second 200 ml. volumetric flask. 

6. Add exactly 25 ml. of a clear solution of saturat- 
ed limewater (9) to each flask, 

7, Fill each to the mark with boiled, hot, distilled 
water, 

8* Stopper loosely with a rubber stopper and after 
mixing well, set on the steam bath for I hour, 

9. Remove the flasks from the bath and quickly filter 
a portion: thro paper. - ^ : 



METHODS OF MALISIS 


15 


10« Immediately pipette 50 ml* of the filtrate from 
each flask into Erlenmeyer flasks and titrate 
with 0.02 N sulphuric acid (S) from a burette 
after adding a few drops of phenolphthalein in- 
dicator ( 2 ) . 

Calculations 

(ml. of 0.02 N H 2 SO 4 for distilled water - ml. of 

0.02 N H 2 SO 4 for sample) X 9.72 = p.p.m. magnesi- 
um as Mg . 

Sulphate^ volumetric method 

Reagents . Section II, Nos . (2) , (lO) , (11) , (12) . 

1. Measure exactly 250 ml. of the sample into a 
400 ml. beaker. 

2. Add 10 ml. of a 1 per cent solution of hydroxyl- 
amine hydrochloride (lO) . (if the iron content 
of the sample has previously been shown to be 
less than. 0.5 p.p.m., this step may be omitted.) 

5. Add 20 ml. of benzidine hydrochloride (IC) • 

4. Stir vigorously and allow the precipitate to set- 
tle . 

5. Filter the solution through paper and wash the 
beaker and paper with small amounts of cold dis- 
tilled water. 

6 . Transfer the precipitate from the paper to the 
original beaker, add 200 ml. of water and heat to 
boiling to dissolve. 

7. Add a few drops of phenolphthalein (2) and ti- 
trate with 0.05 N sodium hydroxide solution (12) 

until the first permanent pink color is obtained. 

8 . Place the filter paper in the solution and con- 
tinue the titration to the first permanent pink 

color. Record the ml. of sodium hydroxide used. 

Calculations 

of 0.05 N laOH used X 9.6 = p.p.m. sulphate ■ 

(S04). 

Chloride 9 volumetric method 

Eeagents. Section II, Hos. (2), (3), (4), (13), (14), 
(15). - 
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,1„ Pipette 50 ml, of the sample .into a porcelain 
evaporating dish, 

g,. Place ahout the same quantity of distilled water 
into a second dish for a color , comparison, 

SlAdd 1 ml. of potassium chromate indicator (IS) 

. to each. 

4, Add standard silver nitrate solution ( 14 ) to the 
sample from a burette, a 'few drops at a time, 
with constant st.irring until the first permanent 
reddish coloration appears* This can be deter-- 
mined by comparison with. the distilled water 
blank 1 

If more than 7 or 8 ml* of silver nitrate solu- 
tion are required, the entire procedure should 
be repeated using a smaller sample diluted., to 50 
with distilled water* Record. the of sil- 
ver nitrate used* 


Calculations 

(ml. of Agio 3 used - Q.g) X 500 
ml* of sample 


p.p.m; chloride 

(Cl). 


Precautions 


If the water sample is highly colored it should 
be decolorized by shaking with washed aluminum 
hydroxide (15) and filtering. 

If it is acid, add sodium carbonate 'until it 
is slightly alkaline to methyl orange (4) . 

If it is alkaline, add standard sulphuric 
acid (s) until it is ^ust acid to phenolphthalein 

(2) . 


Silica, gra-ylmetric method 

1. Eiraporate, in an evaporating dish, 250 ml. of well 
mixed sample, to which a few drops of concentrated 
hydrochloric acid have been added, to diryness on 
the water bath. 

2. Moisten the residue with a few drops of concen- 
trated hydrochloric acid. 

S. Add about SO ml. of distilled 'water and heat to 
boiling. (More water is sometimes required to 
dissolve calcium sulphate.) 
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4. Filter through a quantitative filter paper/ rinse ’ 
the dish and wash the residue with distilled wa- 
ter adding the filtered rinsings and washings to 
the filtrate. All of the insoluble residue in the 
evaporating dish must be transferred to the filter 
paper. (The filtrate may be saved for the iron 
and aluminum determination.) 

5. Fold the paper ^ place it in a crucible and ignite 
in the muffle furnace or over a burner. 

6« Cool in a desiccator and weigh. 

7* Add a few drops of sulphuric acid and a few ml. of 
hydrofluoric acid to the ash in the crucible. 

8« Yolatilize the acids by heating gently over a 
burner. 

9. Ignite the crucible cool in a desiccator and 
weigh. 

Calculations 

Loss in weight (grams) X 4000 = p.p.m. silica 

(Sioj. 

Iron and aluminum oxides^ gravimetric method 

Reagents. Section II, Nos. (16), (17). 

1. Evaporate, in an evaporating dish, S50 ml. of the 
well mixed sample, to which a few drops of con- 
centrated hydrochloric acid have been added, to 
dryness on a water bath. 

2n Moisten the residue with a few drops of concen- 
trated hydrochloric acid. 

3. Add about 30 ml. of distilled water and heat to 
boiling. (More water is sometimes required to 
dissolve the calc ixam sulphate.) 

4. Filter, rinse the dish and wash the residue on the 
paper with distilled water, adding the filtered 
rinsings and washings to the filtrate. (The above 
steps are omitted if the filtrate from the silica 
determination is used.) 

5. Add a few drops of bromine _ water .(16) to the'fil-:v 
trate and boil for 5 minutes. 

6* Add 10" ml. of 10 per cent solution of ammonium 
chloride (17-), make alkaline to- litmus with ' 
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concentrated aiimonl’uiii hydroxide and ■■■hoil again 
f or , a. few minutes « . 

' '7. ...Filter, the •precipitated iron" and a.luminum oxides 

. and rinsings of the container , onto a quantitative 
filter paper and wash the filter paper with sev- 
, eral small quantities of distilled water ^ adding 
the washings to the filtrate « (The filtrate may 
be saved for the determination of calcium.) 

,; 8 ,« Ignite a crucible, cool in a desiccator and weigh. 

'9. Fold the filter paper, place it in the crucible 
and ignite in the furnace or over a burner. 

10 ., Cool in a desiccator and weigh. 

Calculations 

Difference in weight (grams) X 4000 = p.p.m. com- 
bined iron and alminuiri oxides (FegOa and AI 2 O 3 ). 

Note 

To separate the two oxides, make a determination 
for total iron according to the method given on 
page 25. The difference between the combined ox- 
ides and the calculated iron oxide (FegOs) is the 
aliMinum oxide (AlgOg). 

(p.p.m. Fe as determined on page 25) X S.8483 
= p.p.m. FegOa. 

- Calcium, gravimetric method 

-'fieagents.- “Section II, los. (16), (17), (18), (19),. 

■Xso). 

1 . Evaporate to dryness, in an evaporating dish on a 
water hath, 250 ml. of the well mixed sample to 
which a few drops of concentrated hydrochloric 
acid have been added. 

2, Moisten the residue with a few drops of concen- 
trated hydrochloric acid. 

3., Add 30 ml. of distilled water and heat to boiling. 
(More water is sometimes required to dissolve 
the calcium sulphate.) 

4. Filter, rinse the dish and wash the residue on 
the paper with distilled water, adding the fil- 
tered rinsings and washings to the filtrate, but 
keeping the volume small. 
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5, Add a few drops of iDromine water (16) to the fll-- 

, trate and hoil gently for 5 minutes; 

6« Add 10 ml* of a 10 per cent solution of aimnoniuia 
chloride (17) ^ make alkaline to litmus with con- 
centrated ammonium hydroxide and boil gently for 
■ a few minutes* 

7* Filter^ rinse the beaker and wash the precipitate 
on the paper with small portions of distilled 
. water^ adding the filtered rinsings and washings 
to the filtrate. (The above steps are omitted 
if the filtrate from the iron and aluminum de- 
termination is used.) 

8. Warm the filtrate and add slowly, with constant 
stirring, 10 ml. of saturated ammonium oxalate 
(18). 

9. Allow to stand for 50 minutes in a warm place. 

10. Filter through a quantitative filter paper, rins- 
ing the beaker and paper with small portions of 
hot distilled water. (The filtrate may be saved 
for the magnesium determination.) 

11. Place the original beaker from which the filtra- 
tion was made under the stem of the funnel, 
pierce a hole in the filter paper in the funnel 
and wash the precipitate into the beaker, with 
50 ml, of 2 per cent sulphuric acid (19;). 

12. Heat to boiling and add from a burette a standard 
solution of potassium permanganate (20) until 
the first permanent pink color is obtained. 

IS. Transfer the filter paper to the beaker and con- 
tinue the titration with potassium permanganate 
to the first permanent pink color. Record the 
total ml. of permanganate used. 

Calculations ' 

11. of Kln 04 X 10 = p.p.m. calcium (Ca) . 

; ■ ■ ■ ■ ■ 

'" Magnesiums gravimetric method 

Eeagents. Section II, Nos.; (16) , . (17) (18), (21). 

1. Evaporate" to dryness, in an evaporating dish 
over a. water bath, 250 ml. of the well mixed sam- 
ple to which a few drops of concentrated hydro- 
chloric acid have been added. 
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Moisten the residue with a few drops of concen- 
trated hydrochloric acid. . 

S. Add SO' ml. of distilled water and heat to boil- 
ing. . (Sometimes a larger quantity of water ■ is 
.required to dissolve the calcium sulphate.) 

4. Filter y rinse the dish and wash the residue on 
the paper with small portions of water adding 
the filtered rinsings and washings to the fil- 
trate. 

5. Add a few drops of bromine water (16) and boil 
for 5 minutes. 

6. Add 10 ml. of 10 per cent solution of ammonitim 
chloride (17) ^ make alkaline to litmus with con- 
centrated ammonium hydroxide and boil gently for 
a few minutes. 

7. Filter 5 rinse the beaker and wash the residue on 
the paper with small portions of distilled water 
adding the filtered rinsings and washings to the 
filtrate . 

8. Warm the filtrate and add slowly^ with constant 
stirring 5 10 ml. of a saturated solution of am- 
monium oxalate (18) . 

9. Allow the solution to stand for 50 minutes in a 
warm place, 

10, Filter, rinse the beaker and wash the filter , pa- 
per, adding the filtered rinsings and washings 
to the filtrate. 

(The above steps are omitted, if the fil- 
trate from Step lo. 10 of the calcium determina- 
tion is used.) 

,11.: Add an amount of concentrated ammonium hydroxide 

■ ' , to the filtrate equal to about 1/9 its volume and 

then add 10 ml. of a 10 per cent solution of 
disodium- phosphate (Sl) . Stir the solution vigor- 
ously for five minutes. 

12. Allow to stand- at least four hours, and filter ■ 

, the precipitate and several rinsings of the beak- 
onto a quantitative filter paper, being' sure 

is transferred to the 

"■'■paper.',. 
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15. Wash with., small portions of dilute aimnonia water. 

14. Ignite^ cool and weigh a clean crucible. 

15,. Transfer . the folded filter paper containing the 
magnesium precipitate to the crucible. 

16. Ignite until almost white, cool in a desiccator 
and weigh. 

Calculations 

Gain in weight (grams) X 875.6 = p«p.itt* magnesium 

(Mg) . 

Sulphates, gravimetric method 

Reagents !! Section II , NoT ( 22 ) . 

1. Evaporate to dryness, in an evaporating dish on 
a water bath, 250 ml. of the sample to which a 
few drops of concentrated hydrochloric acid have 
been added. 

2. Moisten the residue with a few drops of concen- 
trated hydrochloric acid. 

5. Add SO ml. of distilled water, heat to boiling 
and filter. (More water is sometimes necessary 
to dissolve the calcium sulphate.) 

4. Wash the dish and the paper with several small 
portions of distilled water, adding the filtered 
washings to the filtrate. 

5. Heat the filtrate to boiling and add 10 ml. of a 
10 per cent solution of barium chloride (22) 
drop by drop with constant stirring. 

6. Place the mixture in a warm place for about 30 
minutes . 

7. Filter and wash the precipitate on the paper with 
warm distilled water. Be sure that all ' of the 
precipitate is transferred to the paper. 

8. Ignite, cool and weigh a clean crucible. 

'9. Fold the filter paper containing the precipitate, 
place in the crucible, ignite, cool in a desic- 
cator and weigh. (The filtrate and washings from 
lo. 7 may be saved for the sodium and potassim 
■.determination.) 

Calculations 

. . Gain in weig,ht of crucible' (grams) X 1646.1 
= ,p.p.m, sulphate (■SO4)., 
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' ' Sodlm and potassiimi^ graTlffletric method 
•• Reagents « ' Section II ^ ' No .' ''(83) a 

1« Concents ml. of the"' sample to about 50 ml. 

by OYaporating in a dish on a water bath. 

2;. Add a slight excess of a saturated solution , of 
barium hydroxide (25) and heat almost to boiling 
for 30 minutes. Keep the dish coYered to pre- 
Yent eYaporation. 

3. Filter^ rinse the dish and wash the residue OU' 
filter paper with hot distilled water ^ adding the 
filtered rinsings and washings to the filtrate, 

4. To the filtrate add ammonium hydroxide and a 
fresh solution of ammonium carbonate^ heat on the 
steam bath until the precipitate settles filter 
and wash, 

5. Evaporate the filtrate to dryness in a dish and 
ignite at low red heat, 

6. Take up in 10 ml. of hot distilled water, filter 
and wash, keeping the volume of the filtrate low, 

7. Repeat Nos. 4, 5 and 6 until no precipitate forms 
on the addition of the reagents (ammonium hy- 
droxide and ammonium carbonate) to the filtrate 
from Step No, 6. 

8« Transfer the final filtrate and washings to a 
small platinum dish, add a few drops of concen- 
trated hydrochloric acid and evaporate to dry- 
ness. . 

9. Heat to low red heat, cool and weigh. 

10, Take up the residue in the dish with 10 ml,, of 
water, filter through quantitative ■ paper and wash 
the residue. Be sure all of the precipitate is 
transferred to the paper. 

11, Transfer the filter paper to the platinum dish, 
ignite, cool and weigh* 

12, Save the filtrate and'. washings for the potassium ■ 
determination, if that" 'test is^ to^ be made. 

Calculations 

The difference in the weights uf the crucible is 
the weight of the' combined sodim and, potassium 
chlorides. This difference in weight X '1573,6 
= p.p.m, sodium and potassium expressed in terms 
of sodium (Na) . 
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Potassium^ gravimetric -method ^ ' 

Reagents. Section II ^ Mos. (24)^ (25). 

Use the filtrate from the sodium- and potassium 
determination or prepare the sample by the pro- 
cedure given for that test. 

2. Add a few drops of 1 to 5 sulphuric acid and 1ml. 
of 10 per cent platinic chloride solution (24) 
for each SO mg. of combined chlorides. 

S. Evaporate almost to dryness on the water bath/ 
remove the dish and allow it to dry at room tem- 
perature,. 

4. To the residue add about 30 ml. of 80 per cent 

, ethyl alcohol (25)^ stir well so as to dissolve 
all of the salts soluble in the alcohol. 

5. Filter and wash the precipitate with 80, per cent 
alcohol until the filtrate is colorless. 

6. Dry the precipitate on the paper. 

7. Dissolve the precipitate by washing it through 
the paper with small amounts of hot distilled wa- 
ter catching the filtrate in a platinum dish 
which had previously been ignited and weighed. 

8. Evaporate the solution to dryness, dry for a few 
minutes at lOS^C, cool in a desiccator and weigh. 

Calculations 

Difference in weight X 0.3067 = weight of KCl- 
Weight of... combined NaCl and KCl = weight of KCl 
= weight of HaCl. 

Weight of KCl. (grams) X 2097.6 = p.p.m. potassi- 
um, ,(K) . 

Weight of MaCl (grams) X 1573.6 = p.p.m. sodium 
(la). ,. 

Scheme for the mineral analysis of water 

Reagents. Section II, Hos. (16), (17),' (18>, (19), 

(so), (SI), (SS), (IS), ( 14 ), (s), (3), (4). 

Kote 

. , The following scheme has been prepared for the 

„, use ..of those wishing to' make what might be termed 
ya "complete mineral analysis" of water. In this 
' scheme the methods given are combined so as to, . 
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follow step hj step iii' the separation and- .quanti- 
tative determination of each element. The analy- 
sis includes the determination of silica iron 
■ and aluminum oxides,' calcium, magnesium, sul- 
phate, hicarhonate, chloride and total solids. 

Preparation of sample 

Measure accurately two 250 ml. samples of the 
water, add a few ml. of concentrated hydrochloric 
acid and evaporate to dryness in dishes over a 
water hath. Cool and moisten each residue with a 
few drops of concentrated hydrochloric acid. Add 
about 50 ml. of distilled water and heat to boil- 
ing. Filter through separate quantitative fil- 
ter papers, washing the dishes and residues on the 
papers with small portions of distilled water, and 
adding the washings to the filtrates. The volumes 
of filtrates should be kept below 50 ml. Save 
one filtrate for the iron and aluminum oxides, 
and calcium and magnesium determinations and the 
second for the sulphate determination. 

Silica (SiOg) 

Ignite, cool and weigh a platinum crucible. (Por- 
celain may be used.) Fold one of the filter pa- 
pers from the above filtration, place it in the 
weighed crucible and Ignite. Cool in a desicca- 
tor and weigh. Gain in weight (grams) X 4000 
= p.p.m. silica (SiOg) . Discard the other fil- 
ter paper and residue. 

First filtrate 

Iron and aluminum oxides 

Add a few ml. of bromine water (16) and boil a 
few minutes. Add 20 ml. of 10 per cent ammonium 
chloride solution (17) and an excess of ammonium 
hydroxide. Boil for 5 minutes. Ignite, cool and 
weigh a porcelain crucible. Filter the solution 
through a quantitative filter paper, rinsing and 
washing the beaker and filter paper with small 
portions of distilled water. Save the combined 
filtrate and washings. Fold the paper, place in 
the crucible and ignite. Cool and weigh. Gain 
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in weight (grams) X 4000 = p.p.m. FegOa and 

A.1 203®. 

Calcimi 

Warm the filtrate from the iron and alumimim de- 
termination^ add 10 ml. of a saturated solution 
of ammonium oxalate (18) drop by drop with con- 
stant stirring and set in a warm place for about 
30 minutes. Filter and wash the beaker and pa- 
per with hot distilled water. Save the filtrate 
and washings. Pierce the filter paper and wash 
the precipitate into the original beaker with 
about 30 ml. of 2 per cent sulphuric acid (19) . 
(Use a larger quantity of acid if necessary to 
dissolve the precipitate.) Heat to boiling and 
titrate with standard permanganate (20). 

Ml. of Kln 04 X 10 = p.p.m. calcium (Ca) . 

Magnesium 

To the filtrate saved from the calcium determina- 
tion, add concentrated ammonium hydroxide in suf- 
ficient quantity to make about one-ninth its vol- 
ume. Add 10 ml. of sodium acid phosphate solu- 
tion (21), stir vigorously for five minutes, and 
allow to stand at least four hours. Ignite, cool 
and weigh a crucible. Filter the precipitate 
onto quantitative filter paper, wash with weak 
ammonia solution and place in the crucible. Ig- 
nite, cool and weigh. 

Gain in weight (grams) X 873.6 = p.p.m. magnesium 

(Mg) . 

Second filtrate 
Sulphate 

Heat to boiling and add, drop by drop with “ con- 
stant stirring, 10 ml. of 10 per cent barium 
chloride solution (22). Allow the mixture to 
stand in a warm place with occasional stirring ' ■ 
for 30 minutes. Filter the precipitate onto .. a ■ 

' quantitative paper and wash ?/ith several ' portions 
of warm.' water. Ignite, cool and, weigh a crucible. 
Place the paper and precipitate in the crucible, 
ignite,;, cool and weigh. 
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„ Gain In weigLt X 1644 = p,p.ni« SO, 4 ',« 

Sodium and potassium 

, These are usually obtained hy difference of' the 
. positive and .negative radicles according to the 
method given below* ■ If ■ a' determination is de- 
sired^ the filtrate from the sulphate determina- 
tion may, be. used with the- .method . for sod.ium and 
.. .potassium given on.' pages ,20-21. 

Total solids 

.Evaporate 100. ml* of the sample in a ?/eighed 
platinum dish.- Dry in the oven at lOS^C for 1 
hour/ cool in a desiccator and weigh* Differe.nce 
, In weight (grams) X 10,000 = p.p.m. total solids* 
.Chlorides 

,. Pipette 50 ml. of the sample, into an evaporating 
dish. Add 1 ml. of potassium chromate. (13) .,.,,and 
titrate with standard silver nitrate (14) to the 
first permanent brown co.lor. 

■ (ml.. silver nitrate - 0.2)X 10 = p.p.m. chloride 

(Cl). 


Alkalinity 

Measure 100 ml. of the sample .into a, flask and 
add 3 drops of phenolphthalein (2). If a pink 
■ color develops, titrate with 0.02 I sulphuric 
^acid (3), .until the ■ color .just disappears and re- 
'Cord the ml. ■ of aeid'use.d. Add 3 drops of methyl 
. , orange (4) and again titrate with standard acid 

,r'.,. ...to the;. ^ permanent change in color, 

'ft of acid used. Calculate the alka- 

■ ; linit^^ to. the' method given o,n. page 7,. 

Calculations. 

To; calculate sodium and potassium* 

1*' .Find , the reacting values ,(R) as follows:' , 

; Positive elements 

Ca X 0.0499 == R of ,Ga,. 

V .\ Mg X 0.0822 = R of Ig.' ' 

' p.,.p.m. Fe X 0.0,358 = R of ,Fe,. 

V.,:: : R of/ii/. ; 
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Negative Elements 


p.p.m. HCO 3 

X 

0,0164 = R 

of 

0 

0 

p.p.m. CO 3 

X 

0,0333 = R 

of 

0 

0 

p.p.m. SO 4 

X 

0.0208 = R 

of 

S04. 

p.p.m. Cl 

X 

0.0282 = R 

of 

Cl. 


2 ^ Add the R values. 

3. (Sum of negative R values -- sum of positive R 
values) X 25 = p.p.m. sodium and potassium ex- 
pressed in terms of sodium. 

■Example 

A water analysis showed the following results: 


Ca = 

131, 

,0 p, 

.p.m. 

HCO3 = 

= 420.0 p.p.m. 

Mg = 

46. 

.5 

n 

GO3 = 

= none 

Fe = 

0 . 

,8 

n 

SO4 = 

= 111.0 » 

A1 = 

1 . 

.8 

T! 

Cl = 

= 162.5 « 


Tp calculate sodium and potassium: 

131 X 0.0499 = 6.537 420 X 0,0164 = 6.888 

46.5 X 0.0822 = 5.822 0.0 X 0.0533 = 0.0 

0.8 X 0.0358 = 0.029 111 X 0.0208 = 2.309 

1.0 X 0.1107 = 0.111 162 X 0.0282 = 4.587 

10.499 13.784 

(13.784 - 10.499) X 23 = 75.6 p.p.m. Na and K 
in terms of Na. 


Total and residual iron^ colorimetric method 
Reagents. Section II, Nos. (26), (27), (28), (29). 

1. Evaporate to dryness on a water hath 100 ml. of 
the sample containing a few drops of concentrated 
hydrochloric acid. (The residue from the total 
solids determination or that from the iron and 
aluminum oxides determination may he used.) 

2 . Cool the dish and add 1 ml. of dilute hydrochlor- 
ic acid (1 volume of concentrated hydrochloric 

, acid to '3 of water). 

3. Warm on the water hath making sure that the hou 
acid comes in contact with all of the residue, 

4. Add 10 ml. of distilled water and filter into a 

; ' 100 ml. Nessler tube rinsing the dish ana /paper 

with distilled .water .. 
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5. If permanent standards (26) are available, pro- 
ceed to No. 6. If not, prepare temporary stand- 
ards by measuring 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 
and 4.0 ml. of standard iron solution (27) into 
respective 100 ml. Messier tubes. Add about 80 
ml. of distilled water and 5 ml, of dilute hydro- 
chloric acid to each. 

6. Add two drops of potassium permanganate (28) to 
the tube containing the sample and to each stand- 
ard. 

7. Allow to stand for 5 minutes and if the color 
does not persist, add more permanganate. 

8. Dilute the sample and standards to the mark. 

9. Add 5 ml. of thiocyanate solution (29) to each 
tube and compare the colors immediately, record- 
ing the standard having a color nearest that of 
the sample. 

Calculations 

ml, standard iron X 100 _ 

= p.p.m. Fe 

ml. of sample 

Ferrous and ferric iron 

Reagents. Section II, Nos. (30), (31), (52). 

1. Prepare color standards by placing in each of 
eight 100 ml. Messier tubes, 75 ml. of freshly 
boiled and cooled distilled water, 10 ml. of di- 
lute sulphuric acid (SO) and 15 ml. of ferri- 
cyanide solution (Sl) . 

2. Place in a ninth tube 50 ml. of the sample, 10 ml. 
of dilute sulphiiric acid, 15 ml. of ferricyanide 
solution and dilute to the mark with freshly 
boiled and cooled distilled water. 

3. Add to the eight standard tubes 0,5, 1.0, 1.5, 
2.0, 2.5, 3.0, and 4.0 ml. respectively of stand- 
ard ferrous iron solution (S2) . 

4. Mix and compare the blue color which develops in 
the sample with that of the standards recording 
the standard having a color nearest that of the 
sample, (If no color develops in the sample, no 
ferrous iron is present.) 
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Calculations 

ml. standard ferrous iron X 100 
ml. of sample 


p.p.m.' ferrous 
iron. 


P.p.m. total iron - p.p.m. ferrous iron = p.p*m. 
ferric iron. 


Manganese colorimetric method ' 

Reagents. Section II, Nos, (33), (S4), (55). 

1. Make up standards “by placing 0.2, 0.4, 0.6, 0.8, 
1.0, and 1.5 ml, of standard manganous sulphate 
solution (33) into 250 ml. Erlenmeyer flasks and 
adding 50 ml. of distilled water. 

2. Measure 100 ml. of the sample into a similar 
flask. 

3. Add 2 ml. of 1 to 1 nitric acid (34) to the sam- 
ple and each standard. 

4. Heat the sample and standards to "boiling. 

5. Determine the volume of silver nitrate solution 
(35) necessary to precipitate the chlorides by 
titrating a separate portion of the sample as de- 
scribed in the chloride determination on pages 

13 and 14. 

6. Add 1 ml. of silver nitrate solution to each 
standard and 1 ml, more than the volume of silver 
nitrate as determined in No. 5 to the sample. 

7. Shake and heat the flask containing the sample. 

8. Filter the sample and rinsings into an Erlenmeyer 
flask, washing the filter paper with distilled 
water. 

9. Add about 0,5 grams of ammonium persulphate crys- 
tals to each flask, (standards and sample), mix 
and warm 10 minutes. 

10. Transfer to 100 ml. Nessler tubes, make up to the 
mark with distilled water, and compare the colors, 
recording the standard having the color nearest 
.that of the sample. . 

Calculations 

ml. standard manganous solution X 100 _ _ „ _ 

p.p.m. Mn. 

ml. of sample 
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Residual alum (aluminum), colorimetric method 
Reagents. Section II, Nos. (36), (37), (38), (39), 
( 40 ). 

1. Prepare standards in SOO ml. phosphoric acid 
flasks (Erlenmeyer flasks may he used) hy dilut- 
ing 1^ 2 ^ 5^ up to 8 ml. of the standard alum so- 
lution (36) to 50 ml. with distilled Yifater. Per- 
manent standards (37) may he used. 

2 . Place 50 ml. of the sample into a similar flask. 

3. To each flask add 1 ml. of alizarin red S. solu- 
tion (38) and boil for 2 minutes. 

4« Neutralize vath sodium carbonate solution (39) to 
oust barely purple by adding the solution drop 
by drop. 

5. Add exactly 0.5 ml. excess of the carbonate solu- 
tion^ boil 2 minutes, and make up to 50 ml. with 
distilled water. (The latter may be done in 
Nessler tubes.) 

6, Add 1 ml, of acetic acid solution (40), let stand 
1 minute and compare the colors, recording the 
standard nearest the color of the sample. 

Calculations 

ml. standard alum X 10 , ... ^ 

= p.p.m. alum as AI0O3. 

ml, of sample 


Residual chlorine, o-tolidine method 

Reagents. Section II, Nos. (66), ( 67 ). , • 

1. Place 100, ml. of the sample in a 100 ml, Messier 
tube having ^ the ■ graduation 300 mm, from the bot- 
tom, 

2. Add 1 ml, of o-tolidine , reagent (66) and mix, 

3. Allow the tube to stand in a dark place .for 5 
minutes, 

4. Compare the color which ..develops' . with that of , ; 
permanent standards (67), 


Residual chlorine, starch-iodide method 
Reagents. Section II, Nos. (60) , (68) ' 

1, Place 200,: ml, of the sample in an Erlenmeyer 
flask, ’ ^ 
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2« Add a small crystal of potassiiM iodide and 1 ml. 

of concentrated hydrochloric acid. 

5. Add 1 ml. of starch solution (60). A bine color 
shows the presence of chlorine. 

4. For a quantitative estimation^ titrate the solu- 
tion with 0.001 I sodium thiosulphate solution 
(68) until the blue color just disappears. Re- 
cord the ml. of thiosulphate used. 

Calculations 

Ml. of 0.001 N thiosulphate X 0.1775 = p.p.m. 
residual chlorine. 


Color 

Reagents. Section II, lo. (41). 

1. Fill a 100 ml. Nessler tube to the mark with the 
water to be tested. 

2. Compare this color with that of standards (41) by 
looking vertically down through the tubes at a 
white surface, 

3. If the color is greater than that of the stand- 
ards, the water should be diluted with distilled 
water until within the range. 

Calculations 

ml. of standard platinum solution X 500 
^ = color . 


ml . of sample 


. Turbidity 

Reagents. Section II, Hos. (42), (43). 

For turbidities above 25 use the Jackson turbidimeter 
as follows: 

1, Before lighting the standard candle, remove such 
portion of the charred part of the string as is 
easily broken off with the fingers. Do not keep 
the candle lighted for more than a few minutes at 
.a,' time-. 

2. See that the candle is at its full height in the 
holder. , 

5. Four the water to be tested into the tube until 
the image of the candle flame just disappears 
from view. The water should be poured very slow- 
ly after the image becomes only faintly visible. 



50 


CHEMICAL ANALYSIS OF WATER AID SEWAGE 


'4,„' Read the turbidity from the scale on the graduat- 
ed tube. 

For turbidities from 2 to 25. 

1. Place the sample in a liter bottle of clear glass 
similar to that used for the standards ( 42 ) . 

2. Shake the sample and each standard Yigorously . 
and compare the turbidities by looking horizon- 
tally through the bottles at some object*^ Note 
the distinctness with which the outl3,nes of the 
object can be seen. 

5. Record the turbidity of the standard most nearly 
matching the sample. 

For turbidities less than 2. Use the Baylis turbidi- 
meter as follows: 

1. ^Fill the tubes with the sample and allow to stand 
for 10 minutes until the air bubbles rise to the 
surface. 

2* Select the standard (43) which seems to have a 
turbidity nearest that of the sample and place it 
and the tube containing the sample in the turbidi- 
meter. 

S. Compare the sample with the various standards un- 
til that having the same turbidity as the sample 
has been determined- (The turbidity In the tube 
cuts out some of the blue light. The same tur- 
bidities in the two tubes will give^ equal inten- 
sities of blue light.) 

4. If. the sample has a turbidity slightly above 2^ 
it should be diluted in- definite ratios until it 
comes 'Within the range of this instrument. The 
turbidity is then calculated by multiplying the 
turbidity of the diluted sample by the dilution 
ratio. 

Note 

Directions for making -the Baylis, turbidimeter 
are given in the Journal of Industrial and Engi- 

\ t ^n Chemistry, Vol. 18, page 311 (1926). 
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Odor 9 quail tatlTe method. 

Cold odor. 

1. Fill a flask about half full of the sample and 
cover with a watch-glass. 

2. Shake violently ^ remove the cover and smell ■ the 
odor at the mouth of the flask. 

S. Describe the odor as indicated below. 

Hot odor. 

1. Place 150 ml. of the sample in a 500 ml. Erlen- 
meyer flask. 

2. Cover with a watch glass and heat almost to boil- 
ing . 

3. Allow to cool with cover on for 5 minutes. 

4^ Shake vigorously, remove the cover and smell the 
odor. 

5. Describe the odor as indicated below. 

The results are expressed by using combinations of 
the numbers and letters given belows 

e — earthy 
f —fishy 
g — grassy 
m — moldy 
M — musty 
P — peaty 
s — sweetish 
S — sulphide 
V — vegetable 


1. Boil a quantity of distilled water until free 
from odor and cool to room temperature. 

2. Clean six or more 500 ml. Erlenmeyer flasks and 
remove the last traces of odor by boiling water 
in them for 5 minutes. 

3. Discard the water and cool the flasks, covering 
them with watch glasses. 

4. Determine the approximate odor as follows: 

a. Place 100 ml. of odor-free water in each of 
two flasks. ' 

.b.' Warm to 70^0 and add to one flask 5 ml. of the 
sample. 


0 — no odor 

1 — very faint 
2~faint 

3 — distinct 

4 — decided 

5— very strong 
a— aromatic 

c — free chlorine 
d — disagreeable 

Odor, quantitative estimation 
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c. Shake both. flasks vigorously, uncover and de- 
termine whether or not the water in the. flask 
receiving the sample has an odor iihen com- 
pared with that in the other flask, 
da If the odor' is present, repeat using a smaller 
sample. 

e« If not present, add more of the sample to the 
water in the flask until the odor is present. 

5^ Knowing the approximate odor, a more accurate 
determination is made as follows: 

a. Add 100 ml. of the odor-free water to each of 
the several flasks. 

b. Cover with watch glasses and warm to ?0®C. 

e. To the first five flasks add increasing vol- 
umes of the sample, taking in the value de-' 
termined by the approximate method. For ex- 
ample, if the odor was found v^rith 5 ml. of the 
sample in the approximate method, add 3, 4,. 5, 
6, and 7 ml. respectively to the five flasks. 
d« Shake vigor ous,ly and determine the flask in 
which the odor first appears. 

Note 


If more than 5 ml. are required, rediice.trie vol- 
ume of odor-free water accordingly. 

Calculations 

ml*' odor free water + ml. of sample 


ml* of sample' 


odor value. 


Ammonia nitrogen ■ 

Reagents. Section II, Nos. (44), (49), (45),. (.46), 

(47). 

1. Clear the distillation apparatus of ammonia by 
boiling distilled water in it. Use a liter 
KJeldahl flask. 

S. Empty the flask and meastire 500 ml. of the sample 
into it. If a smaller sample is used, make up to 
500 ml. with ammonia-free water (44) . 

3. Add 10 ml. of phosphate buffer solution (49) and 
distill until almost 200 ml. are collected in a 
200 ml. volumetric flask. The residue may he 
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used for either .the albiuainoid or organic nitro- 
gen .determination* ■ 

4. Make up the distillate to 200 ml. with ammonia- 
free water* 

5. Mix and' pipette a measured portion into a 100 ml. 
Messier tube making up to the mark with ammonia- 
free water. The volume required must be de- 
termined by trial. ' If the color produced by l.hJs 
volime does not come, within the range of the 
standards j use a volume which will. 

, 6 »,If permanent ammonia standards (45) are availabicn 
proceed to Step Mo. If not, make up tempora- 
ry standards by adding 0*2, 0.4, 0.6, O.B, l.D, 
1.4, 1.7, 2.0, 2.5, and 3-0 ml. of standard arm* , 
fflonium chloride solution (46) tO' 100 ml. M'essler 
tubes and diluting to the mark wdth ammoriia-frec^ ■ 
water . 

7. Add 2 ml. of Messier reagent (47) to the sample 
and to each temporary standard, allow to stand ■ 
„10 minutes and compare the colors. Record" the ' 
standard having the color nearest that of the 
sample. 

Calculations 

ml. of standard MH 4 CI X 2000 

^ - p * p SI , ' 

ml. used in Step Mo. 5 X ml* of sample 
ammonia nitrogen as M.. .. / 

P-p.m. ammonia as M X 1.216 ■= p.p.m. ammonia as 
MH 3 . 

Albuminoid nitrogen 

Reagents. Section II,' Mos. . (45) , (46), (47), (4B). 

1*. Boil 500 ml. of the sample in a KJeldahl flask 
, , until the volume is reduced to about 300 mi. 

2.: Cool and add 50 ml. of alkaline potassium .per- ' ^ 

■■ manganate (48) • 

'3. .Clear, the distillation apparatus of ammonia by 
, 'boiling distilled water in it. 

4. Connect the Kjeldahl flask and distill .until al- 
most 200 .ml. of distilla'te is collected In a 
200 ml. ...volumetric .flask. 
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5. Make up to the mark with ammonia-free water and 
mix well* 

'■ 6 f Pipette a measured portion into a 100 nil. Messier 
tube and make up to the mark with ammonia.-free 
water*' The volume used will vary and must be de- 
termined by trial. 

If permanent ammonia standards (45) are avail- 
able^ proceed to Step Ho. 8 » If not^ make up 
temporary standards by adding 0 « 2 ^ 0 « 6 ^ 0 , 8 j, 

I.O 5 1.45 l„7j S.Oj 2.5^ and 3»0 ml. of standard 
ammonium chloride (46) to 100 ml. Messier tubes 
and making up to the mark with ammonia-free ¥/a- 
ter « 

8 t Add 2 ml. of Messier reagent (4?) to the sample 
and to each temporary standard. 

9, After standing 10 minutes^ compare the colors 
and record the standard having a color nearest 
that of the sample. 

Calculations 

ml. standard IIH 4 CI X 2000 

ml. portion used in Step Me. 6 X ml. of sample 

= p.p.m. albuminoid nitrogen as I. 

Organic nitrogen. 

Reagents. Section II, Nos. (44), (45), (46), (47). 

1. Boil 500 ml. of the sample in a KJeldahl flask 
until the volume has been reduced to about 500 ml. 

,2. Add 5 ml. of concentrated sulphuric acid and a 
few boiling chips. 

5. Mix .and' boil in the hood until all of the water 
is removed and the white fumes of sulphuric .acid 
are evolved. .Continue to boil until the solution 
becomes colorless or a light straw color. 

4« Cool, and add 500 ml. of ammonia-free w,ater (44)... 

5. Make a.lkaline to litmus with 10 per cent sodium 
hydroxide.. 

6 . Free. the distillation apparatus of ammonia by 
boiling distilled water in it. 
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7. Coimect the Kjeldahl flask and distill until 'al-, 
most 200 nil. of distillate have been collected in 
a 200 ml. volumetric flask. ■ 

8. lake up to the mark with ammonia-free water and 
mix well. 

9. Pipette a measured portion into a 100 ml. Messier 
tube and make up to the mark with ammonia-free 
water. The amount used will vary and must be de- 
termined by trial. 

10. If permanent ammonia standards (45) are available^ 
proceed to Step No. 11. If not, make up tempora- 
ry standards by adding 0.2, 0.4, 0.6, 0.8, 1.0, 
1.4, 1.7, 2.0, 2.5, and 3.0 ml. of standard am- 
monium chloride (46) to 100 ml. Messier tubes 

and making up to the mark with ammonia-free wa- 
ter • 

11. Add 2 ml. of Messier reagent (47) to the sample 
and to each temporary standard. 

12. After standing for 10 minutes, compare the colors 
and record the standard having a color nearest 
that of the sample. 

Calculations 

ml. of standard NH4CI X 200 

ml. portion used in Step No. 9 X ml. sample 

= p.p.m. organic nitrogen as N. 

Nitrite nitrogen 

Reagents. Section II, Nos. (50), (51), (52). 

1. Place 100 ml. of the sample into a 100 ml. 

Messier tube. (If the nitrite content proves to 
be high, a smaller volume diluted to 100 ml. with 
distilled water may be used.) 

'2# Prepare standards by adding 0.2, 0.4, 0.6, 0.8, 
1.0, 1.4, 1.7, 2.0 and 2.5 ml. of standard sodium 

■ nitrite solution C®iQ)^'to 100 ml. Messier tubes 
and diluting to the mark with distilled water, 

' 3. Add; 2 ml. of sulfanilic. acid . solution (51): and ' 

. 2 ml. of a-naphthylamine acetate' solution;^ to / 
the sample and to each standard. 
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4. Mix and after 10 minutes compare the colors^ se- 
lecting the standard hairing a color nearest that 
. of ' the .sample* 

Calculations 

ml* standard laNOa X 0.5 


ml* of sample 


p.p«m. nitrite nitro- 


gen as Ir 

nitrite nitrogen as I X 3*284 = p.p.m* ni- 
trite as IO 2 . 


Nitrate nitrogen, phenoldisiilphonic acid method 
Reagents. Section II, los. (3),. (53), (15), (54), . 

(55), (56). 

1. Determine the number of ml. of 0.02 K sulphuric 
acid (S) necessary to neutralize the methyl 
orange alkalinity of 100 ml. of the sample. See. 
page 6. Also, determine the number of ml. of 
silver sulphate solution (53) necessary to pre- 
cipitate the chlorides in 100 ml. of sample.. See- 
page .14. 

2. If the sample is highly colored, stir a 200 ml. 
portion with a small portion of aluminum hydrox- 
ide (i-b) and filter. 

3. Pipette 100 ml. of the sample or the clarified 
filtrate into an evaporating dish and add the 
quantity of 0.02 N sulphuric acid as determined 
in Step No. 1. 

4. If less than 3 ml. of the silver sulphate solu- 
tion was required in Step No. 1, proceed to Step 
No. 5. If more than 3 ml. were required, add 
slightly less than the volume required to the 
sample in the evaporating dish. Add a small 
amount of aluminum hydroxide (15) , mix, and fil- 
ter into a second dish. 

5. Evaporate the sample from Step 3 or the filtrate 
from Step 4 to dryness on the water bath. 

6. Add 3 ml. of phenoldisulphonic acid (54) and rub 
in well with a glass rod to insure contact cf 
the acid with the residue. 
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7« Dilute with 20 ml* of ' distilled, water and add 
slowly with stirring a solution of sodium hydrox- 
ide (55) until the maximum yellow color is de- 
veloped, Not more than 6 ml* will he required* 
If no color develops, nitrate is absent. 

8* Filter into a 100 ml. Messier tube and rinse the 
dish and paper adding the rinsings to the tube 
until all of the colored solution has been trans- 
ferred. Dilute to the mark with distilled water. 
9. Prepare standards by adding 0.2, 0.5, 0.75, 1.0, 
3.0, 5.0, 10, 20, 30/ and 40 ml. of the standard 
nitrate solution (5S) to 100 ml. Messier tubes, 
diluting to the mark and adding 2 ml. of sodium 
hydroxide (55) to each tube. 

10. Compare the colors, selecting the standard hav- 
ing a color nearest that of the sample. 

Calculations 

ml. of standard nitrate X 10 _ ^ 

: = p.p.m. nitrate 

ml. of sample 

nitrogen as M, 

P.p.m. nitrate as M X 4.427 = p.p.m. nitrate as 
MO3. 

Dissolved oxygen, Winkler method . . 

Reagents. Section II, Mos. (57), (58), (59), (60). 

Mote 

This method may be used for the majority of dis- 
solved oxygen determinations made in the water 
laboratory.' In cases where a water high in iron, 
nitrites, or organic matter is encountered, the 
Rideal-Stewart modification given on page 38':; 
should be used. 

1. Collect the sample in an 8-ounce glass-stoppered 
bottle being very careful to ■ avoid contact of : 
the sample with air. (See-' ■” Sampling ^fo.r'^ 
solved. ■•■nxygen”-^. The bottle should, be 

' completely filled. 

•2. Immediately after collection, add 1 ml, of' man- 
: 'ganous sulphate solution .(M) by means of pi- 
pette, dipping the end of the pipette just below 
'■''"t.hp "siiTfa'ce,' of, 'the. water. 
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S^ Adci 1 ml. of alkaline potassium iodide, solution 
■ , (§8) in a similar manner. 

4^ Insert the stopper and mix hj inverting the. 'bot- 
tle several times. 

5. Allow the precipitate to settle halfway and mix 
again. 

6. Again allow the precipitate to settle halfway. 

7. Add 1 ml. of concentrated sulphuric acid. Insert 
the stopper at once after the addition of the^ 
acidj and mix as before. 

8. Allow the solution to stand at least 5 minutes. 

'9. Withdraw 100 ml. of the solution into an Erlen- 

meyer flask and immediately add 0.025 1 sodium 
thiosulphate (59) drop by drop from a burette un- 
til the yellow color almost disappears. 

10. Add about 1 ml. of starch solution (60) and con- 
tinue the addition of the thiosulphate until the 
blue color just disappears. Record the ml. of 
thiosulphate used. (Disregard any return of the 
blue color.) 

Calculations 

Ml. of 0.025 I sodium thiosulphate X 2 = p.p.m. 
dissolved oxygen. 

Dissolved oxygen^ Rideal-Stewart modification 

Reagents. Section II, los. (57), (58), (59), (60), 

(61), (62). 

1, Collect the sample in an 8-ouace glass-stoppered 
hottle heing careful to avoid contact of the 
sample with the air. See "Sampling for dis- 
solved oxygen", page 174. The bottle should be 
completely filled. 

2. Immediately after collecting, add 0.7 ml. of 
concentrated sulphuric acid and 1 ml, of potas- 
sium permanganate (61) by means of pipettes, 
dipping them Just below the surface of the water 
in the bottle . 

S. Insert the stopper and mix by inverting the bot- 
tle several times. 
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4« If color of the permanganate does not last 
for 20 minutes, add 1 ml. more. If this is not' 
sufficient, use a stronger solution, 

5. After 20 minutes, add 1 ml, of potassium oxalate 
(62), Insert the stopper and mix. 

6. After the color has disappeared, add 1 ml. of 
manganous sulphate (57) and 3 ml. of alkaline po- 
tassium iodide (58), insert the stopper and mix, 

7. Allow the precipitate to settle halfway and mix 
again. 

8. Again allow the precipitate to settle halfway, 

9. Add 1 ml. of concentrated sulphuric acid, insert 
the stopper and mix immediately. Do not allow 
the bottle to stand open after the addition of 
the acid. 

10. Allow the solution to stand at least 5 minutes. 
(The solution may stand several hours in this 
condition without harm.) 

11. Rapidly withdraw 100 ml. of the solution into an 
Erlenmeyer flask and add 0.025 N sodium thiosul- 
phate (59) drop by drop from a burette until the 
yellow color almost disappears. 

12. Add 1 ml. of starch solution (60) and continue 
the addition of the thiosulphate until the blue 
color just disappears. Record the ml. of thio- 
sulphate used. Disregard any return of the blue 
color. 

Calculations 

11. of 0.025 N sodium thiosulphate X 2 = p.p.m. 
dissolved oxygen. 

Oxygen consumed 

Reagents,' Section II, Nos. (63), (64), (65). 

1. Pipette 100 ml, of the sample into a 250 ml. Er- 
lenmeyer flask. 

2. Add 10 ml. of dilute sulphuric acid (63) and 10 
ml. of standard potassium permanganate (65). 

3. Heat in a boiling water bath for exactly 30 min- 
utes keeping the water in the bath above the lev- 
el of the solution in the flask. 
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4. If the solution becomes faintly colored, repeat 
the above using a smaller sample diluted to 100 
ml. with distilled water. 

5. After 30 minutes in the water bath, add 10 ml. 
of standard ammonium oxalate (64) . 

6. Titrate while hot with standard potassium perman- 
ganate to the first pinlc coloration. Record the 
ml. of permanganate used. 

Calculations 

ml. of potassium permanganate used in Step 6 XlOO 

ml. of sample 
= p.p.m. oxygen consumed. 

Lime, per cent oxide or hydroxide 
Reagents. Section II, Nos. (g), (4), (95). 

1. Pulverize the sample and sift through a screen 
containing 50 openings per linear inch, 
g. Weigh 0.5 grams of the sample into "a liter glass- 
stoppered bottle. 

3. Add 500 ml. of freshly boiled and cooled dis- 
tilled water. 

4. Shake occasionally for a period of about 1 hour 
and allow to settle overnight. 

5. Pipette 50 ml. of the clear supernatent liquor 
into a 250 ml, Erlenmeyer flask, add 3 drops of 
phenolphthaleln (2) and titrate with 0.1 N sul- 
phuric acid (95) until the pink color just dis- 
appears. Record the ml. of acid used. 

6. Add 3 drops of methyl orange (4) and again ti- 
trate with the 0.1 N acid to the first change in 
color. Record the ml. of acid used. 

Calculations 

Let T = total ml. of acid used for both the 
phenolphthaleln and methyl orange titrations . 

Let P = ml. of acid used for the phenolphthaleln 
titration. 

(2P - T) X 7.4 = per cent calcium hydroxide, if 
hydrated lime is used. 

(2P - T) X 5.6 = per cent calcium oxide if quick- 
lime is used. ' 
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Lime^ per cent calcj-um ; 

Eeagents« Section II, Nos. (17), (18). 

1. Partly fill a weighing bottle with the lime and, 
with the stopper removed, dry in the 103^0 oven 
for 1 hour. 

2. Cool the weighing bottle and contents in a desic- 
cator and weigh. Pour about 0.5 grams of the 
lime into a beaker and again weigh the bottle 
and contents. The difference in weight is the 
weight of the dry lime sample used. 

3. Add about 30 ml. of 1 to 1 hydrochloric acid and 
heat gently for about 5 minutes. 

4. Filter and rinse the beaker and paper with small 
portions of hot distilled water, adding the fil- 
tered rinsings to the filtrate. (The paper may 
be- ignited in a weighed crucible and reported as 
insoluble matter.) 

5. Add 10 ml. of 10 per cent ammonium chloride so- 
lution (17) to the filtrate and make alkaline to 
litmus with concentrated ammonium hydroxide. 

6. If a precipitate of iron and aluminum oxides 
forms, filter and wash the beaker and paper with 
distilled water, adding the filtered washings 
to the filtrate. 

7. Heat to boiling and add slowly with stirring 20 
ml. of a saturated solution of ammonium oxalate 
(18). 

8. Allow to stand in a warm place for 30 minutes. 

9. Ignite, cool, and weigh a crucible. 

10. Filter the precipitate onto a quantitative filter 
paper and wash well with small portions of dis- 
tilled water. 

11. Test the filtrate with a few drops of ammonium 
oxalate to make sure all of the calcium is pre- 
cipitated. 

12. Place the paper and precipitate in the weighed 
crucible and ignite to bright red heat for 30 
minutes, cool in the desiccator and weigh. Repeat 

, until no, further loss ' in weight ' ' is ' 

,:cecured«::' ' 
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Calculations , 

If hydrated lime is used: 

Oaln in .eight (era.s) X ISS , 

weight of sample (grams) 

If quicklime is used: 

J _g r^ s ) _ j Iffl ^ 

weight- of sample (grams) 

Soda ash, per cent sodium carbonate 
Reagents, Section II ^ los, (4), (97). 

1. Dissolve 0.53 grams of the sample in boiled dis- 
tilled water in a 100 ml. volumetric flask, 
g.. Make up to the mark with boiled distilled water 
and mix. 

3. Pipette 50 ml. of the solution into an Erlenmeyer 
flask and add 3 drops of methyl orange (4) . 

4. Titrate with 0.1 N sulphuric acid (97) to the 
first slight permanent change in color. Record 
the ml. of acid used. 

Calculations 

Ml. of 0.1 N acid X 2 = per cent NagCOs. 

Alumiy per cent aluminum oxide 
Reagents. Section II, Ho. (17). 

1. Weigh about 0.5 grams of the alum into a beaker 
and dissolve in about 100 ml. of distilled water. 

2. Filter off any insoluble residue, rinse the beak- 
er and paper with distilled water, and add the 
filtered rinsings to the filtrate. 

3. Add 10 ml. of 10 per cent ammonium chloride (17) 
and make alkaline to litmus with concentrated 
ammonium hydroxide. 

4. Cover the beaker with a cover glass and boil 
gently for about 10 minutes. 

: 5. Filter onto a quantitative filter paper and wash 
the beaker and paper several times with hot dis- 
tilled water. ' 

6. Ignite, cool, and weigh a crucible. 
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7. Fold the paper^ place it in the weighed crucible 
and after drying ignite at a bright red heat for 
at least 10 minutes, 

8. Cool in a desiccator and weigh. 

Calculations 

Gain in weight (grams) X 100 

I — I ; — r“ = cent AI2O3. 

weight of sample (grams) 

Per cent AI2O3 X 3.55 = per cent AI2 (804)3. 

Per cent AI2O3 X 6.537 = per cent Alg (804)3 *18 HgO. 


Mechanical analysis of sand 

Sampling: Samples should be carefully taken so as 
to be representative of the body of sand. See 
"Sampling” in Appendix, page 175, 

Weight and Moisture 

1. Weigh a dry, eight-ounce, wide-mouthed, glass- 
stoppered bottle on the trip scales to the near- 
est 0.1 gram. Let B = the weight of the bottle 
in grams , 

2. Fill the bottle with water, insert the stopper 
and reweigh. Let BW = the weight of the bottle 
and water in grams . 

3. Dry the bottle, fill with the sand, insert the 
stopper, and reweigh. Let BS = weight of bottle 
and sand in grams. 

4. Weigh an evaporating dish to the nearest 0.1 gram. 
Let E = the weight of the dish in grams. 

5. Add 100 grams of the sand to the dish. 

6. Dry in a 103^C oven to constant weight. Let EDS 
= weight of evaporating dish and dried sand in 

, grams. ' 

Calculations ■ 


Density = 


BS - B 
BW - B 


= D, 


Weight per cubic foot = 62.4 X D. 

Per cent moisture = 100 + E - EDS. 

Weight of dried sand ;=' EDS. - E = DS (dried sand) . 
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Sieve analysis for sizes, 

■ 1,, Place the dried sand (DS)^ as obtained in , the 
preceding .moisture determination^, in .the; top 
of a nest of sieves (see below) and shake. 

The sieves may be shaken by hand or by ma- 
chine • 

2, Continue the shaking until no appreciable 
amount of sand passes, A five minute period 
is commonly used, 

' ■ 3. Weigh the amount in grams retained on each 

sieve. 

Calculations 

Calculate the per cent by weight passing each 
sieve as follows s Let W = the weight of sand 
retained on the sieve in question plus that re- 
tained on -all coarser sieves (those above). 

[weight of dried sand (DS) - w] X 100 
DS 

= per cent passing. Plot the values obtained on 
coordinate paper using the vertical scale for 
per cent passing and the horizontal scale for the 
diameter in millimeters. Draw a curve connect- 
ing the points. 

'Determine the point of intersection of the 
horizontal 10 per cent line and the curve. The 
value on the diameter scale of this point is the 
P*effective size” of the sand in millimeters. 

Determine the po.int of intersection of the. 

; : 'horizontal 60 per cent line with the curve. The 
V value on the diameter scale is the size in milli- 
■ ^ than' which ,60 per cent is finer. 

' The ratio of the diameter of the, 60 per , cent 
,v' ..size; to the,' ^effective size” is the, ^uniformity ' 
.t;'':"' 'coe'fficient.” 

Diameter of -60' per cent size 

:'D effective size uniformity co 

efficient. 
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Note 

The nest of sieves may consist of a nest of Tyler 
sieves as follows: 


Sieve ' ' 

Size of open- 

No. 

ings mm. 

60 

.246 

48 

.295 

42 

.351 

35 

,417 

32 

.495 


Sieve 

Size of open- 

No. 

ings mm. 

28 

. 589 

24 

.701 

20 

.833 

16 

.991 

14 

1.168 

10 

1.651 


The above tabulated sizes of sieve openings can 
not be depended on for accurate work. It is ad- 
visable to rate the sieves according to the fol- 
lowing method. 

Rating of sieves 

1. Sieve a sample in the usual manner through a 
• nest of sieves. 

2. Take each sieve, one at a time, and shake 
slightly, collecting the sand grains which 
pass through. 

3. Count out a number of these grains. 

4. ?/eigh the number counted accurately on an 
analytical balance. 

Calculations 

Let G = weight of one grain in milligrams. 
Weight of grains in grams X 1000 _ q 
N umber of grains 


Diameter of sand in mm.^ = 0.9 X . 

For sands of a different specific gravity 
than 2.65, the following formula may be used: 


Diameter in mm. 


3/ 1.91 G 
Sp. Gr. 


The diameter of the sieve openings may be as- 
sumed to be equal to the diameter of the sand 
grains obtained by the above procedure . 
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Part Sewage Analysis 

Mote . lumbers inclosed . in parentheses^ thus (3)^ re- 
fer to numbered reagents and solutions in Sec- 
tion II. 


‘ Total Solids 

1« Clean an evaporating dish and place it in a 103°C 
oven for one hour^ or if the loss on ignition de- 
• termination is also to be made^ ignite to low 
red heat in the muffle furnace or over a burner. 
(a platinum dish is preferred^ but -others may be 
used.) 

2. Place the dish in a desiccator to cool and weigh. 

3« Place the weighed dish on a steam or ?/ater bath. 

4. Thoroughly mix the sample and measure out 100 ml, 
into a 100 ml, graduate. (Care must be taken to 
keep the solids in suspension while measuring.) 

5. Transfer the sample to the dish. Rinse the grad- 
uate several times with small portions of dis- 
tilled water and add the rinsings to the dish;, 
being sure that all suspended matter is trans- 
ferred, 

6. After the sample is evaporated^ dry the dish’ and 
residue in the lOS^C oven for one hour^ cool in 
the desiccator and weigh. 

Calculations 

Increase in weight (grams) X 1,000^000 

— p . p • m • 

ml. of sample 


total solids. 

Example 

Sample 

Wt. of dish and residue (100 ml.) 
Wt. of dish 
Wt..' .of solidS' 


lo. 1 

48.3424 gms. 
48,2540 
0 . 0884 


Total solids 0-0884 X 1^000^000 ^ gg^ p.p.m. 

100 
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Loss on ignition 

1* Place the evaporating dish and residue from the 
total solids determination in the muffle furnace 
or ignite over a hurner at low red heat until 
the ash is white or nearly so« 

Allow 'the dish to cool and moisten the residue 
with a few drops of distilled water. 

S. Dry in the lOS^C oven for one hour, cool in a. 
desiccator and weigh. 

Calculations 

Loss in weight (grams) X 1,000,000 
ml, of sample 


p.p.ffi, loss 


on ignition. 

Example 

Sample No. 1 

Wt, of dish and residue (100 ml.) 48.34S4 gms. 

.Wt. of dish and ash 48 . 5150 ” 

Loss in weight 0.0294 " 


Loss on ignition = 


0.0294 X 1,000,000 
100 


294 p.p.m. 


Suspended and dissolved solids, Gooch crucible method 
Reagents. Section II, No. (1). 

1. Pour about 25 ml. of asbestos emulsion (l) into 
a Gooch crucible. 

.2. Apply the suction gently until the mat is formed. 

5. Wash with distilled water until no fibers of as- 
bestos run through the filter. 

4. Dry the crucible and ignite at low red heat. Cool, 
moisten with distilled water, dry at lOS^C for 
one hour, cool and weigh, (ignition and moisten- 
ing may be omitted if the loss. on ignition of 
suspended solids is not to be made.) 

5. Measure 100 ml. of the well mixed sewage by 
means of a graduate, keeping the solids in sus- 
pension while measuring. 

Filter the sample .^through the prepared Gooch 
crucible and also several distilled water rins- 
ings of the graduate, being sure that all sus- 
pended matter is transferred to the crucible. 


6 . 
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,, 7v Dry in the 103°C oven for one hour.^ cool in the 
desiccator and weigh* 

Calculations 

Increase in wei.ght (grams) X l^OOO^QQQ _ 

ml, of sample p.p*m» 

suspended solids, 

total solids -- p,p.m, suspended solids 
= p*p,in. dissolYed solids. 

Example 

Wt» ' of crucible and solids (100 ml») 15,5999 gms, 
Wt* of cruc,ible 15,5817 

Wt* of solids 0,0182 


Suspended solids = — = 132 p.p, 
Dissolved solids = 884 - 182 = 702 p,p,m* 


m« 


Loss on ignition suspended and dissolved solids ^ 

Gooch crucible method 

1« Ignite the crucible from the suspended solids de™ 
termination at low red heat. 

2* Cool and moisten the ash with a few drops of dis- 
tilled water* 

81 Dry at lOS^C for one hour, cool in the desicca- 
tor and weigh. 

Calculations 

Loss in weight (grams) X 1,000,000 
ml, of sample 

' on ignition. 

/ : loss on ignition of total solids - p.p.m. 

ignition suspended solids = p.p.ii. loss 
//<m Ignition of dissolved solids* 

Example 

Wt, of crucible and solids (lOO ml. )' 15*5999 gms. 
Wt. of crucible and ash 15*5889' 

y ' , ' Loss .in. weight : .. ,0.0110 


p.p.m, loss 


'Loss on . ignition suspended .solids 

8*0110 ^ 

, no . p « p • m . 


100 
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Loss on ignition dissolyed solids = 224 - 110 
= 184, p.p«m. 

Dissolved and suspended solids, filtration method ' 

1. Filter a portion of the sewage through a filter 
paper « 

Repeat the method given for total solids using 
100 ml. of the above filtrate. 

Calculations 

Increase in weight (grams) X 1^00 0^000 
ml. of sample 
dissolved solids. 

P.p.m. total solids - p.p.m. dissolved solids 
= p.p.m. suspended solids. 

Example 

Wt, of dish and residue (100 ml.) 48.5242 gms- 
Wt. of dish 48 . 2540 ” 

Increase in weight 0.0702 ” 

- 0.0702 X 1,000,000 ^ 

Dissolved solids = 2 = 702 p.pjn. 

Suspended solids = 884 - 702 = 182 p.p.m. 


Loss on ignition, dissolved and suspended solids, fil~ 


tration method 


1. Ignite the dish and residue from the dissolved 
solids determination to low red heat. 


2. Cool and moisten the residue with a few drops of 
, distilled water. 

5. Dry at lOS^C for one hour, cool in a desiccator 
■ and weigh. 

Calculations ■ 


Loss in weight (grams) X 1,000,000 
ml. of sample 


p.p.m. loss 


on ignition dissolved solids. 

Loss on ignition total solids - loss on ignition 
dissolved solids = loss on ignition suspended 
solids. 
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Example 

Wt. of dish and residue (lOO ml.) 48.3242 gms. 
Wt. of dish and ash. 48.3058 " 

Loss In weight 0.0184 " 

Loss on ignition of dissolved solids 

^ = 184 p.p.m. 

Loss on ignition of suspended solids = 294 - 184 

= 110 p.p.m* 


Settleable solids 

1. Fill an Imhoff cone to the liter mark ¥/ith the 
thoroughly mixed sewage. (For actiYated sludge 
a liter graduate should he used in place of the 
cone.) 

2. Allow the solids to settle quietly for two hours. 
(a one hour period is used for activated sludge.) 

3. Read the volume of solids settled in the tip of 
the cone or the bottom of the graduate. 

Calculations 

Report the results as ml. per liter. 

Solids in activated sludge 

1. Fill a 500 ml. graduated cylinder to the 500 ml. 
mark with the activated sludge (or the aeration 
tank contents) . 

2. Add l,ml. of ferric chloride solution (102) and 
mix rapidly. 

'3. Stir slowly by means of a long rod for a few min- 
utes. 

4. Weigh a',12.5 cm. filter paper to the nearest 0.1 
■ gram on the trip scale. 

; 5.' Place the filter paper in a Buechner funnel 

ms., inside diameter) and filter the sludge, 
applying the vacuum as required. 

6. Before: the sludge is dry, scrape the adhering 
■ sludge from the sides' of the funnel onto the°pa» 
per by: means of a spatula. 



METHODS OF MALISIS 


51 


7 \ Carefully remove the paper and sludge from the 
funnel^ place in a lOS^C oven- for one hour^- and ' 
reweigh to the nearest 0.1 gram. • 

Calculations 

(Wt. of paper and sludge (grams) - wt. of paper 

O.l) X 0.2 = per cent solids. 

(wt, of paper and sludge (grams) - wt. of paper 
- O.l) X 2000 = p,p,m. suspended solids,. 

Settleable solids in ml. per liter X 10 ^ sludge 
p.p.m. suspended solids index. 

Alkalinity 

Reagents. Section II, Nos. (2), (S) , (4). 

1, Pipette 100 ml, of the sample into one Erlenmeyer 
flask and the same quantity of distilled v/ater 
into another. 

2, Add four drops of phenolphthalein (2) to each, 

3, If the sample hecomes pink, add 0.02 N sulphuric 
acid (S) from a burette until the pink color 
just disappears and record the number of ml, of 
acid used. 

4, Add two drops of methyl orange (4) to each flask, 

5, If the sample becomes yellow, add 0.02 N sulphur-- 
ic acid until the* first difference in color is 
noted when compared with the distilled water. The 
end-point is a slight orange tinge. Record the 
ml, of acid used. 

Calculations 

Total alkalinity as CaCOs = total ml, acid used 
X-10* ■ 

Differentiation of OH, CO 3 and HCO 3 alkalinities. 

Let P = the ml. of 0.02 N acid used for the ti- 
tration with phenolphthalein and T = the ml. of 
acid used for the total titration (phenolphthal- 
^ ein and methyl orange) . 

There are five possible conditions as follows: 

■■■ :i-'.F:=.T 

Hydroxide (p.p,m.) = P X 10. 

2. P greater the 1/2 T. 

Hydroxide (p.p.m.) - (2P - T) X 10. 

Normal carbonate (u.u.m.)^ 2fT - PV X 10. 
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, / S, F = 1/2 T 

■ formal carbonate (p«p«m«) = T/X 10, 

4« P less than 1/2 T 

’ lomal carbonate (p.p.mO =" X 10 
Bicarbonate (p^p.m.) = (T - 2P) X 10. 

5. P = 0 

, Bicarbonate (p.p.m.) = T X 10 
All abo¥e results are in terms of CaCOs. 

.For illustratiYe example see page 7. 

J ' ' 

. Acidity 

Reagents. Section II ^ fos. (2)^ (5). 

1« Pipette 100 ml. of the sample into one Erlenmeyer 
. flask and the same quantity of distilled water 
• ■■•into , another. ■■ 

■ 2. Add 4; drops of phenolphthalein (2) to each. 

5. Add 0.02 f sodium hydroxide (5) from a burette to 
the sample until the first permanent pink color 
appears^ comparing with the distilled water. Re- 
cord the ml. of sodium hydroxide used. 

Calculations 

Ml. of 0.02 I faOH X 10 = p.p.m, total acidity 
■ expressed in terms of CaCOa. 

Hydrogen-ion concentration , (pH) ^ colorimetric method 
There are a number of different types of colori- 
metric .pH outfits on the market each .requiring a 
slightly different procedure in making the. test. 
The general method below is adapted to most of 
these outfits. 

1. Place 10 ml«.of the sample into each of the two 
or three tubes proTided. 

2. To one^ tube. add the designated quantity of indi- 
cator solution. (The other ■ tubes do not receive 
the indicator.) 

S* Place the .tubes in the comparator in such a man- 
^ ner that the .color standards are opposite the 
; tubes, .no.t containing the indicator... ' The color ; 
comparison must be made' by looking ; through .the 
same....thiclme.s.s of. liquid having... the same . color . 
and turbidity as the sample- 
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4. Compare the colors and read the pH of the tube 
having a color nearest that of the sample. 

Mote 

If the quinhydrone electrometric method is to 
he used see page 68 under sludge analysis. 

Dissolved oxygen, Winkler method 

Reagents. Section II, Nos. (57), (58), (59), (60). 

Note 

This method may he used for the majority of dis- 
solved oxygen determinations made in thi sewage 
laboratory. In cases where a sample high in iron, 
nitrites or organic matter is encountered, the 
Hideal-Stewart modification should be used. 

1* Collect the sample in an 8-ounce glass-stoppered 
bottle being very careful to avoid contact of 
the sample with air. (See "Sampling for dis- 
solved oxygen", page 174.) The bottle should be 
completely filled. 

Immediately after collection, add 1 ml. of man- 
ganous sulphate solution - (57) by means of a pi- 
pette, dipping the end of the pipette just below 
the surface of the liquid. 

5. Add 1 ml. of alkaline potassium iodide solution 
(58) in a similar manner. 

4. Insert the stopper and mix by inverting the bot- 
tle several times . 

5. Allow the precipitate to settle halfway and mix 
again. 

6. Again allow the precipitate to settle halfway. 

7. Add 1 ml. of concentrated sulphuric acid. Insert 
the stopper at once after the addition of the 

8 . r Allow the solution to stand at least 5 minutes. 

9. Rapidly withdraw 100 ml. of the solution into an 
Erlenmeyer flask and add 0.025 N sodium thiosul- 
phate (59) drop by drop from a burette until the 
yellow color almost disappears. 

10. Add about 1 ml. of starch solution (60) and con- 
tinue the addition of the thiosulphate until the 
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.blue color just disappears. Record the .ml. of 
thiosulphate used. Disregard any return of the, 
blue color . 

Calculai^ions 

Ml. of 0.025 N thiosulphate X 2 = p.p.m. dis- 
solved oxygen. 

Dissolved oxygen^ Rideal-Stewart modification 

Reagents. Section II, Hos, (57), (58), (59), (60), 

(61), (6g). 

1. Collect the sample in an 8-ounce glass-stoppered 
bottle being careful to avoid contact of the 
sample with air. (See "Sampling for dissolved 
oxygen”^ page 174.) The bottle should be com- 
pletely filled. 

2. Immediately after collecting, add 0.7 ml. of con- 
centrated sulphuric acid and 1 ml. of potassium 
permanganate (61) by means of pipettes, dipping 
them just below the surface of the liquid in the 
bottle. 

3. Insert the stopper and mix by inverting the bot- 
tle several times. 

4. If the color of the permanganate does not last 
for 20 minutes, add 1 ml. more. If this is not 
sufficient, use a stronger solution. 

5. After 20 minutes, add 1 ml. of potassium oxalate 
(62), insert the stopper and mix. 

6. After the color has disappeared, add 1 ml. “‘of 
manganous sulphate (57) and 3 ml. of alkaline 
potassium iodide (58), insert the stopper and mix. 

7. Allow the precipitate to settle halfway and mix 
again. 

. 8. Again allow the precipitate to settle halfway. 

,9*^ .Add 1 ml. of , concentrated sulphuric acid, insert 
; the stopper' and mix immediately. Do not allow 
the bottle to stand open after the addition of' 

. .the acid. 

10. Allow the solution' to stand at least 5 minutes. 

' (The solution may stand several hours' in this con- 
dition without harm.) 
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11. Rapidly withdraw 100 ml. of the solution into 
an Erlenmeyer flask and add 0,025 N sodium thio- 
sulphate (59) drop by drop from a burette until 
the yellow color almost disappears. 

12. Add 1 ml, of starch solution (60) and continue 
the addition of the thiosulphate until the blue 
color just disappears. Record the ml. of thio- 
sulphate used. Disregard any return of the blue 
color. 

Calculations 

Ml, of 0,025 N sodium thiosulphate X 2 = p.p.m, 
dissolved oxygen. 

Biochemical oxygen demand 

Reagents, Section II , Nos. ( 70 )^ (71). 

1, Clean the desired number of 8-ounce, glass- 
stoppered bottles by filling them with cleaning 
solution (70) and after standing for some time 
rinsing with tap water until the solution is en- 
tirely removed. Allov; them to drain and fit the 
neck of the bottle with a water seal made of 
radiator hose or other heavy rubber tubing. 

2, Fill one bottle completely with diluting water 
(7l), insert the stopper tightly and fill the 
seal. 

3, lake up dilutions for incubation by either (a) 

■ or (b) . 

(a) For dilutions to contain 1 per cent or 
more of sample. Measure the capacity of the bot- 
tles (72), Fill each about halfway with diluting 
water (71) by means of a syphon. Add the quanti- 
ty of well mixed sewage or waste necessary to 
make the desired dilution and then fill complete- 
ly with the diluting water. Insert the stopper 
tightly without entraining air bubbles and fill 
the^.. seal. ^ 

(b) For dilutions to contain less than 1 per 
cent of the sample. Syphon about 500 ml, of di- 
luting water into a liter graduate, (The graduate 
must be clean.) Add the quantity of well mixed 
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sewage or waste necessary, to make the desired di- 
lution and fill to 1000- ml. with diluting water. 
■Mix well with a plunger type stirring rod avoid- 
ing the entrainment of air- Syphon the ;well 
mixed dilution into one of the 8-ounce incubation 
bottles / tightly stopper and fill the seal, 

4. Proceed by either (a) or (b) - 

(a) For dilutions containing less than 5 
per cent of the sample. Incubate the diluting 
water sample and the dilutions at 20°C (+ 1 de- 
gree) for 5 days* At the end of the incubation 
period make a dissolved oxygen determination on 
the diluting water sample and on each dilution^, 
using the Winkler method* 

Calculations 

p*p*m- D*Q* diluting water - p*p*m. D.O. dilution I 100 
per cent of sample in the dilution 

= p.p.m. 5-day B*0*D. 


(b) For dilutions to contain more than 5 
per cent of the sample* Fill two bottles with 
diluting water. Make up two dilutions for each 
percentage dilution using the method given in 
Step 3a. Place one diluting water sample and 
one sample of each percentage dilution in the 
20^0 incubator. Make the dissolved oxygen , de- 
terminations at once on the other samples. After 
5 days incubation make the dissolved oxygen de- 
/ terminations on the incubated samples* The dif- 
ference in the D.O. of the diluting water before 
and after incubation is the correction for the 
B.O.D. of that water. 

Calculations: ; 

Let A e^qual, the D.O. .of the dilution before ■ in- 
cubation^ B. equal the D.O. after incubation/ and 
C equal the correction as determined above. 


(A - B - C) X 100 


per cent of sample in dilution 


=:p.p.ffl., ,5-day B.O.D. 
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Oxygen consumed 

Reagents. Section II ^ Nos. (63), (64), (65). 

1. Measure 50 ml. of the well mixed sewage into a 
250 mlv Erlenmeyer flask using a 50 ml. graduate. 
(For very strong sewages or trade wastes use a 
smaller portion.) 

2« Rinse the graduate well ‘with distilled water, 
adding the rinsings to the flask and finally add 
distilled water to give a total volume of about 
100 ml. 

3. In a second flask place 100 ml. of distilled wa- 
ter. This water is to be used as a check. 

4. To each add 10 ml. of dilute sulphuric acid (63) 
and 10 ml. of standard potassium permanganate 
solution (65) . 

5. Place each flask in a boiling water bath and di- 
gest for exactly 30 minutes being sure that the 
water in the bath is at all times above the sur- 
face of that in the flasks. Watch the color of 
these solutions and should they become faintly 
colored, repeat the digestion using a larger 
quantity of permanganate. 

6. After 30 minutes, add 10 ml. of standard ammonium 
oxalate solution (64) to each flask. 

7. Add drop by drop from a burette standard perman- 
ganate until the first permanent pink color is 
obtained and record the ml. used in each case. 

Calculations 

Let K = total ml. of KMn 04 used for the sample 
including that added before digestion. 

N = total ml. of oxalate used for the sample, 
k = ml. Klln 04 used for the distilled water, 
n = ml. oxalate used for the distilled water. 


(K - H) - (k - n) X 100 

" ml. of sample 


p.p.m. oxygen consumed. 


Example 

Total volume sample used 50 ml. 

Total ESIa 04 added to sample (K) 24,4 « . 

to sample (l) 10,0 
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Total SMn 04 . added to distilled water (k) 11.2 ml. 
Total oxalate " " " " (n) 10.0 " 

(24.4 - 10.0) - (11.2 - 10.0) X 100 _ . 


Relative stability 

Reagents. Section lo, (73) • 

1. Fill completely to overfloYfing a 6 or 8-oimce 
glass-stoppered bottle with the sample to be 
tested. 

2. Add 0.5 ml. of a solution of methylene blue (73) 
by means of a pipette, extending the tip just be- 
low^ the surface of the liquid in the bottle. 

3. Replace the stopper so that no air bubbles are 
entrained beneath it. 

4* Keep the bottle where the temperature is nearly 
constant and as near £0^C as possible. 

5. Observe the bottle at least once each day and 
record the time necessary for the disappearance 
of the color. 

Calculations 

Read the per cent stability from the following 
table. 

Days required for Relative stability 

disappearance of color per cent 


0.5 

11 

1.0 

21 

2.0 

37 

3.0 

50 

4.0 

60 

5.0 

67 

6.0 

■ 75 

7.0 

80 

8.0 

84 

9.0 

87 

10.0 

90 

12.0 

. .'95 
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Amoiiia nitrogen^ direct Hesslerization 
Reagents. Section II, Nos. (74), (55), (44), (45), 
(46), (47). 

1. Place 100 ml. of the sample in a Nessler tube 
and add 1 ml. of a ID per cent solution of cop- 
per sulphate (74). 

2. Mix by rotating and add 1 ml. of 50 per cent 
sodium hydroxide (55). 

3. Mix again and allow to settle. 

4. Pipette a measured portion of the clear super- 
natent liquor (5 to 25 ml. depending upon the 
ammonia content) into a second Nessler tube and 
dilute to 100 ml. with ammonia-free water (44). 

5. If permanent ammonia standards are available (45). 
proceed to Step 6- If not, make up temporary 
standards by adding 0.2, 0.4, 0.6, 0.8, 1.0, 1.4, 
1.7, 2.0, 2.5, and 3.0 ml. of standard ammonium 
chloride (46) to 100 ml. Nessler tubes diluting 
to the mark with ammonia-free water, 

6. Add 2 ml. of Nessler reagent (47) to the sample 
and to each temporary standard. 

7. After 10 minutes, compare the colors and record 
the standard having a color nearest that of the 
sample. 

Calculations 

ml, standard NH4CI X 10 . 

= P-P-Bi. ammonia nitro- 

ml. portion used in Step 4 

gen as N. 


Albuminoid nitrogen 

Reagents. Section II, Nos. (44), (45), (46), (47), 
(48). 

1. Measure 50 ml. of the well mixed sample and 50 
ml. of distilled water into a 500 ml. Kjeldahl 
flask. 

2. Connect to the distillation apparatus and boil 
until the distillate is free from ammonia as 
shown by adding a few drops of Nessler reagent 
(47) to a small portion of the distillate. The 
volume will be reduced about one half . 
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; 5. . Cool the distillate^ add about 250. ml. of. ammo- 
nia-free water (44) and 50 ml. of alkaline po- 
.'tassium permanganate' (48). 

4. Reeonnect to the distillation apparatus and dis-. 
till until almost 200 ml. of distillate is col- 
lected in a 200 ml. volumetric flask. Distilla- 
tion should he at a rate of 6 to 10 ml. per min- 

.ute. 

5. Make the distillate up to the mark with ammonia- 
free water and mix well. 

6. Pipette a measured portion into a 100 ml.- Messier 
tube and make up to the mark with ammonia-free 
water. The portion used can only be determined 
by trial. 

7. If permanent ammonia standards (45) are available, 
proceed to Step 8. If not, make up temporary 
standards by adding 0.2, 0.4, 0.6, 0.8, 1.0, 1.7, 
2.0, 2.5, and S.O ml. of standard ammonium 
chloride (46) to 100 ml. Messier tubes and mak- 
ing up to the mark with ammonia-free water. 

8. Add 2 ml. of Messier reagent to the sample and 
to each temporary standard. 

. 9. After standing 10 minutes, compare the colors and 
record the standard having a color nearest that 
of the sample. 

Calculations 

ml. standard MH4CI X 2000 
2 =: 

ml. portion used in Step 6 X ml. of sample 
nitrogen as M. 

.. Organic nitrogen, £3 eldahl method 

'Reagents. . Section II, los, (2), (44), (47), (55), 

(74), (45), (46). 

1. Measure 50 ml. of the well mixed sample and 50 ml. 
of distilled water into a 500 ml. K^eldahl flask. 

S. Connect to the distillation apparatus and hoil 
until the distillate is free from ammonia as 
shown hy adding a few drops of Nessler reagent 
(47) to a small portion of the distillate. The 
volume will be reduced about one half . 



METHODS OF MALYSIS 


61 


Cool the distillate and add 1 ml. of 10 per cent 
copper sulphate (74) and 10 ml. of concentrated 
sulphuric acid. 

4. Digest in the fume hood until white fumes of sul- 
phuric acid are obtained and until the solution 
is clear and free from black carbon particles, 

5. Cool and add about 250 ml. of ammonia-free water 
(44), 

6. Add a few drops of phenolphthalein (2) and make 
alkaline with 50 per cent sodium hydroxide (55), 

7. Add a few boiling chips, reconnect to the dis- 
tillation apparatus, and distill until almost 
200 ml. of distillate is collected in a 200 ml, 
volumetric flask. (The apparatus should be free 
from ammonia before this distillation is start- 
ed.) 

8. Make up the distillate to the mark with ammonia- 
free water and mix thoroughly, 

9. Pipette a measured portion (5 ml. or more) into 
a 100 ml, Nessler tube and make up to the mark 
with ammonia-free water. The portion used will 
vary and must be determined by trial. 

10. If permanent ammonia standards (45) are avail- 
able, proceed to Step 11. If not, make up tem- 
porary standards by adding 0.2, 0.4, 0.6, 0,8, 
1.0, 1.4, 1.7, 2.0, 2.5 and 3.0 ml. of standard 
ammonium chloride (46) to 100 ml. Nessler tubes 
making up to the mark ?/ith ammonia-free water. 

11. Add 2 ml. of Nessler reagent (47) to the sample 
and to each temporary standard, 

12. After standing 10 minutes, compare the colors 
and record the standard having a color nearest 
that of the sample. 

Calculations 

ml, of standard NH4CI X 2000 

ml. portion used in Step 9 X ml. of sample 

= p.p.m. organic nitrogen as N. 
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Iltrite nitrogen 

Reagents, Section II, Mos. (15)^ (50) ^ ( 51)3 (52)« 

1, If the sample is colored or turbid, clarify 150 
ml, by adding 2 ml, of aluminum hydroxide (15) , \ 
Heat to boiling and filter, 

" 2 . Place a measured portion of the filtrate (10 to 
50 ml, depending upon the nitrite content) into 
' a 100 ml. Messier tube and make up to the mark 
with nitrite-free water. 

3, If permanent standards are available, proceed to 
Step 4» If not, make up temporary standards by 
placing 0.2, 0.4, 0 . G , 0 . S , 1.0, 1.4, 1,7, 2,0 
and 2.5 ml. of standard sodium nitrite (50) in 
100 ml. Messier tubes making up to the mark 
with nitrite-free water. 

4. Add 2 ml. of sulphanilic acid (51) and 2 ml. of 
a-naphthylainine (52) to the sample and to each 
temporary standard. 

5. Mix and allow to stand 10 minutes. 

6, Compare the colors and record the standard having 
a color nearest that of the sample. 

Calculations 


ml, standard MalQa X 0.5 
ml. portion used in Step 2 


p.p.m, nitrite 


ni- 


trogen as N. 


litrate' nitrogen, phenoldisulphonic acid method 
Reagents. Section II, los. (54), (55), (56). . 

1. Filter SO to S5 ml. of the sample through a fil-; 
,tex paper, 

2. Evaporate 25 ml, of the filtrate to dryness on a 

. water bath. (Use a smaller amount if the nitrate 
content is high.) 

S. Moisten the residue v/ith 1 ml. of phenoMisul- 
■ phonic acid (54)'. 

4, Dilute to about 20 ml. with distilled water. 

5, .Add a 50, per. cent solution of sodium' hydroxide 

, (5,5) until the .maximum yellow, color is developed. 
(Not more than 5 to 6 ml. of .sodium hydroxide, „ 
will be; required.)' 
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6 - Filter into a 100 ml* Nessler tube^ rinse the 
dish and paper with distilled Y^rater adding the 
filtered rinsings to the filtrate and make up to 
the mark with distilled water, 

7, If permanent standards are available^ proceed to- 
Step 8 , If not^ make up temporary standards by 
placing 0,2^ 0,4, 0.6, 0,8, 1.0, 1.5, 2,0, 3,0, 
4.0 and 5.0 ml. of standard sodium nitrate solu- 
tion (56) in 100 ml, Nessler tubes and adding 

2 ml, of 50 per cent sodium hydroxide. 

8 , Dilute to the mark with distilled water. 

9, Compare the colors and record the standard hav- 
ing a color nearest that of the sample. 

Calculations 

ml, of standard NaNOa X 10 ^ 4 

— ; : - — = p.p.m, nitrate ni- 

ml. of sample used in Step 2 

trogen as N. 

Chlorine demand 

Reagents, Section II, Nos. (60), (75), 

1, Place 100 ml. of the well mixed sewage in each 
of ten 8 -ounce bottles. 

2, Add 0.5 ml, of chlorine , water (75) to the first 
bottle, 1.0 ml. to the second, 1.5 to the third 
and so on increasing by 0,5 ml. until all 10 
bottles have been treated. 

3, Shake each bottle gently and allow to stand for 
30 minutes. 

4, Add a crystal of potassium iodide and 1 ml. of 
starch solution (60) to each bottle and mix. Re- 
cord the ml. of chlorine water in the first bot- 
tle which shows a, blue color. 

Calculations 

Ml. of chlorine water in first bottle to show a 
blue color X 5 = p.p.m. chlorine demand. 

Chlorine residual, o-tolidine method 

Reagents- Section II, Nos, ( 66 ), (67). 

1, Place 50 ml- of sample in a Nessler tube. 

2. Add 1 ml, of o-tolidine solution ( 66 ). 
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3., A yellow color indicates *the presence of residual 
, chlorine « 

41 For a quantitative .estimation^ allow the sample 
to stand for 5 minutes in a dark place and com- 
pare the color with ■ permanent standards (67). Re- 
cord the standard having a color nearest that of 
the sample. 

Residual chlorine, starch-iodide method 
Reagents. Section II, los. (60), (68). 

1. Place 200 ml. of the sample in an Erlenmeyer 
flask. 

2. Add about 1 gram of potassium iodide crystals 
and' 1 ml. of concentrated hydrochloric acid. 

3. Add 1 ml.^ of starch solution (60). A blue color 
indicates the presence of chlorine. 

. 4. For a quantitative estimation, titrate the solu-' 
tion with 0,001 I sodium thiosulphate solution 
(68) until the blue color Just disappears. Record 
the ml, of thiosulphate used. 

Calculations 

Ml. of 0.001 I sodium thiosulphate X 0.1773 
> p.p.m, residual chlorine. 

Chlorides 

Reagents, Section II, los. (13), (14). 

1. If the sample contains hydrogen sulphide, acidify 
a 50 ml. portion in a.n evaporating dish with 
sulphuric acid. Boil, cool, and neutralize by 

'adding a saturated solution of sodium carbonate 
drop by drop until no more effervescence. 

2. If hydrogen sulphide is not present, omit Step 1. 
■'^ ...pipette 50 ml. of the sample into an evaporating', 

dish.,/ 

, ...S, Place, :50 ml, of distilled water' in a second, .dish, 
for, a 'Comparison of color. 

4. Add,;l ml. of potassium chromate indicator (13) to 
q ' sample prepared by either Step 1 or’ P and to the 

distilled'.'.water . ■ 
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5* Add standard silver, nitrate (14) a few drops at 
a time from a "burette to the sample until the 
first permanent reddish color is obtained. Re- 
cord the ml, of silver nitrate used, 

6. If more than 7 or 8 ml, of silver nitrate are 
required 5 the entire procedure must he repeated 
using a smaller sample diluted to 50 ml, with 
distilled water. 

Calculations 

.0,S) X 500 , 

ml, of sample 
radical (Cl) . 

Fats (Grease) 

Reagents. Section II, Nos, (4), (76). 

1, Place 500 ml. of the sample in an evaporating 
dish and evaporate over a water hath until the 
volume is reduced to about 50 ml. 

S. Scrape the solids from the sides into the liquid 
with a glass rod, add a few drops of methyl 
orange (4) and IN hydrochloric acid (76) until 
the solution is red. 

S, Evaporate to dryness on the water bath and dry 
for 30 minutes in the 10S°G oven, 

4. Weigh a 150 ml. Soxhlett flask which has been 
previously dried and cooled. 

5. Bring about 50 ml. of ether to boiling on a 
steam bath or water bath from which the flame 
has been removed. 

Pour the ether over the solids in the evaporating 
dish and rub in well with stirring rod. 

7. Decant the ether through a dry filter into the 
Sozhlett flask. 

8. Repeat the extractions twice using 20 ml, por- 
tions of ether. 

9. Evaporate the ether on the bath, dry the flask at 
103°C and cool in a desiccator. 

10. Weigh the flask and extract. 

Calculations 

Difference in weight (grams) X £000^ = p-p.m. fat. 
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Hydrogen sulphide HgS) 

Reagents « Section II, Nos. (59), (60), (69). 

1. Syphon 500 ml. of the sample into a graduated 
.cylinder. 

2 . Pipette 10 ml. of 0,025 N iodine solution (69) 
into each of two Erleruneyer flasks, 

S. Add about 1 gram of potassium iodide to each, 

4. To one flask add 200 ml, of distilled water, 

5. ’ Into the other flask syphon from the graduate 

200 ml. of the sample. 

6. Titrate both the distilled water blank and the 
sample with 0,025 N sodium thiosulphate (59) 
using starch as an indicator (60) near the end 
of the titration. 

Record the ml, of thiosulphate used in each case. 
Calculations 

Let S = 10 - ml. of sodium thiosulphate used for 
sample. 

And D = 10 - ml. of sodium thiosulphate used for 
distilled water. 


(S - D) X 426 
ml, of sample 


= p.p.m. hydrogen sulphide. 


Moisture of sewage sludge 

1, Ignite, cool in a desiccator and weigh a clean 
evaporating dish of about 50 ml. capacity, 

2. Mix the sludge thoroughly and pour approximately 
25 ml. into the dish. 

S, Reweigh immediately avoiding delay as the sludge 
changes in weight rapidly, 

4* Evaporate on the water bath until dry. 

5. Place in the lOS^C oven for at least one hour, 
cool in the’ desiccator and weigh. 

Calculations 

Loss in weight (gr ams) X 100 

Weight of wet sludge (grams) “ cent moisture. 

Note 

The weighings need not be carried closer than, to 
the nearest 0.01 gram. 
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Example 

Wt, of dish and wet sludge 

Wt. of dish 

Wt. of wet sludge 


58.12 grams 
53.75 ■ 

24.37 ” 


Wt. of dish and wet sludge 
Wt. of dish and dry sludge 
Loss in weight 


58.12 grams 
35.24 " 

22.88 ” 


^ 22.88 X 100 ^ 

Moisture = — = 93.9 per cent. 

• O i 

Solids, dry = 100 - 93.9 =6.1 per cent. 


Yolatile matter of sewage sludge 

1. Ignite the dish containing the dry solids from 
the moisture determination at a low red heat in 
the furnace or over a burner until no black resi- 
due remains. 

2. Cool, moisten with distilled water and dry in 
the 103*^0 oven for one hour. 

3. Cool in the desiccator and weigh. 

Calculations 

toss in weyt (;r..s) X 100 , volatile 

Weight of dry solids (grams) matter. 


Example 


Wt. of dish and dry solids 

Wt. of dish 

It. of dry solids 


35.24 grams 
33.75 ” 

1.49 « 


Wt. of dish and dry solids 
Wt. of dish and ash 
Loss in weight 

Volatile matter = J-Q i 

1.49 


35.24 grams 
34.22 ” 

1.02 ” 

68.5 per cent. 


Bpecific gravity of sewage sludge 
1.' Weigh an empty wide-mouth glass-stoppered bottle 
■ or flask of about 8-o\ince or more capacity to the 
'nearest 0.1 gram. 

2v"Flll to overflowing - with distilled water,, insert 
the stopper, -dry with a cloth and -weigh. ' 
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3. Goinpletely empty the bottle, fill to oyerflowing 
with the well mixed sludge and insert the stop- 
,per» 

4. Wash the sludge from the outside of the bottle, 
dry with a cloth and weigh. 

Calculations 

Weight of the sludge (grams) ^ specific 
Weight of distilled water (grams) 

gravity of sludge. 

Hydrogen ion concentration (pH) of sewage sludge , 
colorimetric method 

1. Place about 20 ml. of the sludge iii a 100 ml. 
graduate or a similar tall cylinder and dilute 
to about five times its volume with a good quali- 
ty distilled water. 

2. Mix well and allow to settle. 

5*1 Place 10 ml. of the supernatent liquor into each 
of the two or three tubes provided with the pH 
apparatus. 

4* To one tube add the designated quantity of indi- 
cator. 

5. Place the tubes in the comparator in such a man- 
ner that the color standards are opposite the 
tubes not containing the indicator. The color 
comparison must be made by looking through the 
same thickness of liquid having the same color 
and turbidity as the sample. 

6. Compare the colors and select the standard hav- 
ing a color nearest that of the sample. 

Hydrogen ion concentration (pH) , quinhydrone electro- 
metric method 

for this method accompany the 
apparatus when shipped from the manufacturer* 
These directions must be followed explicitly if 
good results are to be obtained. Most of the 
poor results reported with this apparatus are due 
to oontamination of the .electrodes, bridges,, etc. 
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When used, with sewage sludge, the sludge need 
not he diluted as is necessary with colorimetric 
equipment. 


Fats (Grease) , sewage sludge 
Reagents. Section II, Nos. (4), (76). 

1. Weigh a clean, dry evaporating dish. 

2. Mix the sludge sample thoroughly and pour about 
25 ml. into the weighed, dish. 

3. Reweigh rapidly and record the weight of sludge 
used. 

4. Add a few drops of methyl orange (4) and then 
add 1 N hydrochloric acid (76) until the super- 
natent liquid is red. 

5. Evaporate to dryness on a water bath and dry for 
30 minutes in the 103^0 oven. 

6. Dry, cool and weigh a clean 150 ml. Soxhlett 
flask. 


7. Bring about 50 ml. of ether to boiling on a wa- 
ter bath from which the flame has been removed. 

8. Pour the ether over the solids in the dish and 
rub in well with stirring rod. 

9. Decant the ether through a dry filter paper 
into the Soxhlett flask. 

10. Repeat the extraction three times using about 25 
ml. portions of ether each time. 

11. Evaporate the ether on the bath with flame re- 
moved, dry the flask at 103^0, and cool in a 
desiccator. 

12. Weigh the flask and extract. 

Calculations 


Gain in weight (grams) X ICO ^ 

Weight of sample (grams) (grease) . 


Fertilizer value of sewage sludge 

The fertilizer series includes the determination 
of humus (organic matter), phosphoric acid, ni- 
trogen, and potash. The sample should be care- 
fully taken to thoroughly represent the sludge. 
It is customary to report' fertilizer values' on a 
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dry basis and, therefore, it is necessary to pre-* 
cede them by “'a moisture determination, if it, is 
desired to know their significance in relation to 
the dry sludge. It is also necessary to grind 
the sludge (which can only be done on a dried 
sample) in order to insure ready digestion in the 
phosphoric acid and nitrogen determinations and 
to make portions of the sample used representa- 
tive of the entire sample. 

Moisture 

1. Weigh an evaporating dish, add about 100 grams or 
more of the sludge and weigh again. The differ- 
ence in weights will be the weight of the sample. 

2. Evaporate over a water bath, dry in the oven at 
103^C for 2 hours, cool in a desiccator and weigh. 

Note 

These weighings need be carried only to the 
nearest 0.1 gram. 

Calculations 

Loss in weight (grams) X 100 

— " 7 - ^ -7 — T — 7 ^ — = per cent moisture. 

Weight of sample (grams) 

Sludge preparation 

Grind the entire residue from the above moisture 
determination to a fine state and preserve in a 
tightly stoppered bottle. If the quantity of 
sample is too large to be preserved, it may be 
reduced in size as follows s Place the entire 
ground sample in a pile, divide it into quarters 
and retain opposite quarters. Repeat the quarter- 
ing until the remaining sample is of the desired 
size. The grinding may be omitted if humus is 
the only determination to be made or if the sam- 
ple is a commercial sludge fertilizer which has 
already been dried and ground. 

Humus (Organic matter) 

Reagents. Section II, Nos. ( 17 ), (18) 

1. Ignite, cool, and weigh an evaporating dish. 
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g. Place about 2 grams of the prepared sample in 
the dish and reweigh, 

3. Place in a 103°C oven for 2 hours or until the 
weight is constant, cool in a desiccator and 
weigh. 

4. Ignite at a cherry red heat (about 900°C) for 1 
hour . 

5. Cool in desiccator and weigh. 

Note 

In order to alio?/ for an appreciable loss of COg 
in the above ignition due to the decomposition of 
calcium carbonate, it is necessary to determine 
the amount of the latter compound as follows. 

This does not take into account the possible de- 
composition of other inorganic compounds which 
may be present in lesser amounts in the sludge. 

6. Carefully add about 5 ml. of concentrated hydro- 
chloric acid to the ash in the dish, ?/arm gently, 
add about 50 ml. of distilled water and v/arm 
again. 

7. Rinse into a beaker, add 10 ml. of 10 per cent 
ammonium chloride (17) and make alkaline to lit- 
mus with concentrated ammonium hydroxide. 

8. Cover with a watch glass, warm gently for a few 
minutes and filter off the iron and aluminum hy- 
droxides, rinsing the beaker and paper with small 
portions of distilled water and adding the fil- 
tered rinsings to the filtrate. 

9. Add slowly, with constant stirring, about 10 ml. 
of saturated ammonium oxalate (18) and set the 
beaker in a warm place for 30 minutes. 

10. Filter the precipitate onto a quantitative fil- 
ter paper and wash well with hot distilled water, 

11. Ignite, cool, and weigh a clean crucible, 

12. Place the paper and precipitate in the crucible, 
di*y , and ignite at a cherry red heat in the muf- 
fle furnace or over a blast lamp. 

IS. Cool in the desiccator and weigh. Repeat the 
ignltion until the weight is constant. 
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Calculations 

Weight In Step 2 - weight of dish = weight of 
dry sample. - 

(Weight in Step 2 ~ weight in Step 5) X 100 
weight of dry sample 

= per cent volatile matter. 

Weight of crucible and residue in Step 13 - 
weight of crucible in Step 11 = weight of CaO. 


Weight of CaO X 178.5 
Weight of dry sample 


= per cent CaCOs 


in sample. 


Per cent volatile matter - (0.44 X per cent CaCOs) 
= per cent humus in sample. 


Phosphoric acid(P80s) 

Reagents. Section II, Nos. (g), (77), (78), (79). 

1. Dry, cool, and weigh a crucible and add about 2 
grams of the sample prepared as given under 
"Sludge preparation", pages 69 and 70. 

2. Dry in the 10S°C oven for 2 ho-urs or until con- 
stant weight, cool in a desiccator and weigh. 

5. Transfer the dried sample to a Kjeldahl flask 
and add about 30 ml. of concentrated sulphuric 
acid and 10 grams of anhydrous sodium sulphate. 

4. Boll in the fume hood until the organic matter 
is destroyed. Cool, rinse into a 200 ml. volu- 
metric flask, make up to the mark with distilled 
water and mix thoroughly. The distilled water 
should be added carefully with constant mixing. 

5. Filter a portion and pipette 50 ml, of the fil- 
trate into a beaker. 

6. Add 5 ml. of concentrated nitric acid and then 
add concentrated ammonium hydroxide until the 
precipitate which forms, dissolves very slowly 
on stirring. 

7. Dilute to about 100 ml. and heat in a water bath 
to 55 to 60°C. 

8. Add 20 to 25 ml. of freshly filtered molybdate 
solution (77) and allow the mixture to remain in 
the bath with occasional stirring for 30 minutes. 
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9« Decant tlie solution through a filter paper , and 
wash the precipitate in the beaker' twice with 
about 25 portions of distilled water^ filter- 
ing each washing through the same paper « 

10« Transfer the entire precipitate to the paper and 
wash with distilled water tintil a portion of the 
filtrate gives a pink color upon the addition of 
phenolphthalein (2) and a drop of sodium hy- 
droxide (78) « 

11* Transfer the precipitate and filter to a beaker 
and dissolve the precipitate in a small excess 
of 0.5258 N sodium hydroxide (78), recording the 
ml. of hydroxide used. 

12. Add a few drops of phenolphthalein and titrate 
the excess hydroxide with 0.5258 N hydrochloric 
acid (79), recording the ml. of acid used. 

Calculations 

(ml. 0.5258 N NaOH - ml. 0.5258 N HCl) X 0.4 
weight (grams) of dry sample used in Step 2 

= per cent P2O5. 

Total nitrogen 

Reagents. Section II, Nos. (44), (55), (80), (81), 

(82). 

1. Dry, cool and weigh a crucible. Add about 1 gram 
of the sample prepared as directed under "Sludge 
preparation”, pages 69 and 70. 

2. Dry in the lOS^^C over for 2 hours or until con- 
stant weight, cool in a desiccator, and weigh. 

5 .Transfer the dried sample to a Kjeldahl flask, 
add 50 to 55 ml. of salicylic acid mixture (80) 
and shake until well mixed. 

4. Allow to stand 50 minutes with frequent shaking. 

5. Add 5 grams of sodium thiosulphate crystals and 
heat gently for 5 minutes in a hood. 

6. Cool and add 10 grams of potassium sulphate crys- 
tals. 

7. Heat gently in the hood until foaming ceases and 
then boil .until ■ a' clear' straw-colored liquor is ■ 
obtained;. -' (Hsu^ not. less than 2 hours.) ' 
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8 « Cool^ dilute with about 200 ml, of ammonia-free 
water (44) and add a few boiling chips, 

9. Add sufficient sodium hydroxide (55) to make the 
solution strongly alkaline to phenolphthalein, 

10 / Steam out the distillation apparatus until free 
from ammonia and connect the K^eldahl flask, 

11, Place 50 ml, of 4 per cent boric acid (81) in an 
Erlenmeyer flask* and place in such a manner that 
the tip of the condenser extends just below the 
solution in the flask, 

12. Distill about 150 ml. of the mixture into the 
boric acid. 

15. Titrate the boric acid mixture with standard hy- 
drochloric acid (82) using methyl orange as an 
indicator and record the ml. of acid used. 

Calculations 


ml. of 0.5 N HCl X 0.7 
weight of dried sample in Step 2 


= per cent ni- 


trogen as N. 

Per cent nitrogen as N X 1.217 = per cent nitro- 
gen as IH 3 . 

Potash 

Reagents. Section II, Nos. (22), (23), (24), (25). 

1. Dry, cool and weigh an eyaporating dish, add 
about 10 grams of the sample prepared as direct- 
ed under "Sludge preparation", pages 69 and 70. 

Dry in the lOS^C OTen, cool in a desiccator, and 

. reweigh, 

2, Saturate the sample with concentrated sulphuric 
acid and ignite in a muffle furnace or over a 
burner at low red heat until the black carbon is 
completely burned. 

5. Cool, add 5 ml, of concentrated hydrochloric acid 
and warm to dissolve the acid-soluble material. 

4,'' Add; about 50 ml, of distilled water and ' filter 
into a 500 ml, volumetric flask, rinsing the 
dish and paper with several portions of distilled 
water and adding the filtered rinsings to the 
.'filtrate, : ... , , 
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5« Make up to the mark with distilled water and mix 
thoroughly* 

6. Pipette 200 ml. of the solution into a heakerj, 
heat to boiling and add drop by drop^ with con- 
stant stirring^ a slight excess of barium chlo- 
ride solution (22) . 

7. Without filtering, add a slight excess of barium 
hydroxide solution (23) in the same manner. 

8. Filter while hot and rinse the beaker and paper 
with four or five small portions of distilled 
water or until free from chlorides, adding the 
filtered rinsings to the filtrate. (To test for 
chlorides collect about 1 ml. of the filtrate in 
a test tube and add a few drops of silver ni- 
trate. A white precipitate shows chlorides. The 
tested portion must be discarded.) 

9. Add 1 ml. of concentrated ammonium hydroxide to 
the filtrate and a slight excess of ammonium car- 
bonate . 

10 « Heat and add about 0.75 grams of ammonium oxa- 
late . 

11. Filter and wash free from chlorides. as in Step 8. 

12. Evaporate the filtrate to dryness in a platinum 
dish. 

13. Ignite carefully over a free flame below red 
heat until no more fumes are evolved. 

14. Dissolve the residue in hot distilled water, fil- 
ter and rinse the dish and paper with distilled 
water. 

15. Acidify the filtrate with a few drops of hydro- 
chloric acid and add about 2 ml. of platinic 
chloride (24) . 

16. Evaporate on a water bath to a thick paste and 
treat the residue with 80 per cent alcohol (25). 

17. Filter onto a previously prepared and weighed 
Gooch crucible (see Steps 1 to 4 inc. page 3) 
and wash with 80 per cent alcohol until the fil- 
trate is colorless. Be sure the entire precipi- 
tate is transferred to the. crucible, rinsing only 
with 80 per cent alcohol. 
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18. Dry the crucible at 103°C for 30 minutes and 
weigh. 

Calculations 

Difference In weight of crucible (grams) X 0.484 
= grams of KgO In the sample. 

Grams of KgO X 10.0 — ^^0 In sludge. 

Weight of sample (grams) 

Sewage Gas Analysis 

The analysis of gas produced by the digestion of , 
sewage sludge should include the determination of 
carbon dioxide and methane and a calculation of 
the B.t.u« value. The determination of hydrogen 
may be included^ but the other gases^ such as 
oxygen^ carbon monoxide and nitrogen^ are present 
in such small amounts that their determination as 
a routine procedure is of little value. 

There are many types of apparatus on the 
market for the analysis of gas, but no type which 
is designed especially for sewage gas. lost of 
the apparatus are designed for a complete analy- 
sis and can be used by omitting the parts not re- 
quired. The apparatus should contain a water 
jacketed measuring pipette, an explosion or burn- 
ing pipette (preferably the latter) and a pipette 
for carbon dioxide. 

Carbon dioxide ' 

Reagents.- Section II, No. (8S) . 

1,' Waste a; portion of the gas to 'the air in order to 
clear the lines and to obtain ,a representative 
sample.- If the gas is not piped to the labora- 
tory, a ' sample, may be collected at any convenient 
place on the; gas domes or' from the lines to the 
burners. It should be collected in a flat, rub- '' 
ber gas bag capable of holding about 1 liter. 

; 2. 'Ealse: the leveling tube and ■ fill the measuring 
■; ' pipette 'Completely with the liquid. ■ ' (Mercury is 
;;pref erred.:) ' ,■ 
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3^ Attach the hag or pipe line and draw ah out 100 ml* 
of the gas into the pipette hy lowering the 
leveling tube. 

4» Close the stopcock connecting the gas hag or gas 
line and carefully measure the volume of gas in 
the pipette, (The volume of gas in the pipette 
should always he measured hy holding the level of 
the liquid in the leveling tube at the same ele- 
vation as that in the pipette. 

5. Open the connection to the potassium hydroxide 
(83) pipette and pass the gas into that pipette, 
allowing it to remain in contact with the solu- 
tion for some time. 

6. By lowering the leveling tube, bring hack the en- 
tire volume of remaining gas into the measuring 
pipette. 

?. Close the connection and measure the volume as 
before. 

8. Repeat Steps 5, 6 and 7 until there is no further 
gas absorbed from contact with the potassium hy- 
droxide solution. 

Note 


The apparatus must be free from leaks. Keep the 
glass stopcocks well greased. 

Calculations 

ml. of 'gas absorbed X 100 

— = per cent carbon di- 
oxide. 


ml. of gas used 


Hydrogen, methane and B.t.u. 

1. Record the volume of gas remaining in -the measur- 
ing pipette from the carbon dioxide determination 
and call it the '’gas residue.” 

2, Discard all but 10 ml. of this gas. 

3, Lower the leveling tube and open the stopcock to 
the air, drawing in air until the volume is about 
95 to 100 ml. 

4. Measure the volume of the mixture accurately. 

; 5., Allow' the gases to mix thoroughly. 

6, Close the stopcock and check on the leveling tube 
connection and explode or burn the gas in the 
pipette. 
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7. Allow the gas to cool to room temperature, open 
the check on the leveling tube and read the vol- 
ume of gas remaining in the pipette. 

8. Determine the amount of carbon dioxide produced 
by passing the gases into the potassium hydroxide 
pipette several times until no further loss in 
volume is obtained. 

9. Again read the volume of gas in the measuring pi- 
pette. 

Calculations 

[(ml. of mixture in Step 4 - ml. read In Step 7) 

X ml. gas residue X 10] v ml. of sample = per 
cent hydrogen. 

[ml. gas residue X (ml. absorbed in Steps 8 and 
9) X 10] T- ml. of sample = per cent methane. 

(Per cent methane X 10.03) + (per cent hydrogen 
X 3.29) = B.t.u. per cubic foot (high heat value, 
62°F and 760 mm) . 

(Per cent methane X 9.13) + (per cent hydrogen 
X 2.81) B.t.u. per cubic foot (low heat value, 
82°F and 760 mm) 


Part C. Polluted Water Analysis 

Note . Numbers inclosed in parentheses, thus (3) re- 
fer to numbered reagents and solutions in 
Section II. 

Dissolved oxygen, Winkler method 

Reagents. Section II, Nos. (57), (58), (59), (60) . 
Note 

The Winkler method for the determination of dis- 
solved oxygen can be used in the majority of 
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cases « If the water is high in nitrites or or- 
ganic matter, as is sometimes the case in badly 
polluted waters, the Rideal-Stewart modification 
will give more accurate results. The effect of 
nitrites on the Winkler method, however, can te 
minimized hy carefully following the directions 
given below, 

1. Collect the sample in an 8-ounce glass-stoppered 
bottle being very careful to avoid contact of the 
sample with air. (See "Sampling for dissolved 
oxygen”, page 174.) The bottle should be com- 
pletely filled. 

2. Immediately after collection, add 1 ml. of man- 
ganous sulphate solution (57) by means of a pi- 
pette, dipping the end of the pipette just below 
the surface of the water in the bottle. 

3. Add 1 ml. of alkaline potassium iodide (58) in a 
similar manner. 

4. Insert the stopper and mix by inverting the bot- 
tle several times. 

5. Allow the precipitate to settle halfway and mix 
again. 

6. Again allow the precipitate to settle halfway. 

7. Add 1 ml. of concentrated sulphuric acid, insert 
the stopper at once and mix as before, 

8. Allo?r the solution to stand at least 5 minutes. 
(The solution can safely stand several hours in 
this condition.) 

9. Rapidly withdraw 100 ml. of the solution into an 
Erlenmeyer flask and titrate with 0.025 N sodium 
thiosulphate solution (59) until the yellow color 
almost disappears, 

10. Add about 1 ml. of starch solution (60) and con- 
tinue the titration until the blue color just 
disappears. Record the ml. of thiosulphate used. 
Disregard any return of the blue color. 

Calculations 

Ml. of 0.025 N thiosulphate X 2 = p.p.m. dissolved 
oxygen. 
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Dissolved Oxygen, Rideal-Stewart modification 

Reagents. Section II, Nos. (57), (58), (59), (60), 

(61), (62). 

I. Collect the sample in an B-ounce^ glass-stoppered 
bottle being careful to avoid contact of , the 
sample with air« (See ’’Sampling for dissolved 

■ oxygen” page 174 «) The bottle should be com- 
pletely filled. 

g. Immediately after collecting^ add 0«7 ml. of con- 
centrated sulphuric acid and 1 ml. of potassium 
permanganate (61) by means of pipette dipping 
just below the surface of the water in the bot- 
tle. 

Insert the stopper and mix by inverting the bot- 
tle several times. 

4. If the color does not last for 30 minutes, add 

1 ml. more of the potassium permanganate. If this 
is not sufficient, use a stronger solution. 

5. After 20 minutes, add 1 ml. of potassium oxalate 
(62), insert the stopper and mix. 

6. After the color has disappeared, add 1 ml. of 
manganous sulphate (57) and 3 ml. of alkaline 
potassium iodide (58), insert the stopper and 
mix. 

7. Allow the precipitate to settle halfway and mix 
again. 

8. Again allow the precipitate to settle halfway. 

9. Add 1 ml. of concentrated sulphuric acid, insert 
the stopper and mix immediately. Bo not allow 
the bottle to stand open after the addition of 
the acid. 

10. Allow the solution to stand at least 5 minutes. 
(The solution may stand several hours in this 
condition. ) 

II. Eapidly withdraw 100 ml. of the solution into an 
Erlenmeyer flask and titrate with 0.025 I sodium 
thiosulphate (59) until the yellow color almost 
disappears. 

: lg« Add 1. ml. of starch solution ■ (60) and continue 
the titration with thiosulphate until the blue 
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color just disappears. Record the ml. of thio- 
sulphate used. Disregard any return of the 
blue color. 

Calculations 

Ml. of sodium thiosulphate X 2 = p.p.m. dissolved 
oxygen. 

Biochemical oxygen demand 
Case 1 

If the water is not badly polluted, the sample 
may contain sufficient dissolved oxygen to satis- 
fy the 5-day oxygen demand. 

1. Take two samples according to the method given 
for "Sampling for dissolved oxygen", page 174. 

Use 8-ounce glass-stoppered bottles. 

2. Make a dissolved oxygen determination on one sam- 
ple immediately. 

3. Incubate the other sample at 20°C for 5 days. 

4. Make a dissolved oxygen determination on the in- 
cubated sample. 

Calculations 

P.p.m. of D.O. before incubation - p.p.m. of D.O. 
after incubation = p.p.m. 5-day B.O.D. 

Case 2 

If the stream is badly polluted, the sample will 
require dilution prior to incubation. 

1. Take two or more samples according to the method 

given for "Sampling for dissolved oxygen", ‘ 

page 174. 

2. Syphon 750 ml. of diluting water (71) into a 

liter graduate. ^ 

3. Mix the sample and carefully syjdaon 250 ml. of 
the sample into the diluting water contained in 

graduate. 

4. Mix by means of a plunger type stirring rod, be- 
ing as careful as possible to prevent aeration. 
This is a 25 per cent dilution. 

5. Fill two 8-ounce bottles with the dilution by 
means of a syphon, insert the stoppers and seal 
one bottle with a water seal. 
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6« Now remove by means of the syphon all but 400 ml, 
of the 25 per cent dilution remaining in the 
graduate, 

?, Add diluting water to the liter mark^, mix as be- 
fore and fill two more bottles with this dilu- 
tion, This is a 10 per cent dilution, 

8, Insert the stoppers and seal one bottle with a 
water seal, 

9, Set the two sealed bottles (one from each dilu- 
tion) in the 20°C incubator for 5 days. 

10, lake a dissolved oxygen determination immediate- 
ly on the other two bottles. 

11, After 5 days make a dissolved oxygen determina- 
tion on the incubated samples. 

Calculations 

(p.p.m. of D.O, before incubation - p.p.m. of 
D.O. after incubation) X 100 
per cent dilution 

= p.p.m. 5-day B.O.D. 

Cyanides^ qualitative test 

Reagents. Section II ^ Nos. (84), (85). 

1. Place 1 ml, of phenolphthalin (not phenolphthale- 
in) solution (84) and 0.5 ml. of copper sulphate 
solution (85) in each of two test tubes. 

2. To one add 15 ml- of freshly boiled and cooled 
distilled water, 

5. To the other add 15 ml. of the sample. 

4. A pink color, which develops immediately, shows 
the presence of cyanides. This test is sensitive 
to about 0,4 p.p.m, cyanide (CN). 

Note 

On standing the pink color may develop even in 
the distilled water due to the oxidation of the 
phenolphthalin by the dissolved oxygen. The test 
is not entirely specific for cyanides as chlorine 

y : some' other oxidizing agents give the : same 

test. 
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Combined Acids and Iron in Spent Pickling Liquors 

and Similar Yfestes 

Reagents. Section Nos. (86), (95), (16). 

1. Pipette 10 ml. of the waste into a 100 ml. vol- 
umetric flask and make up to the mark with dis- 
tilled water. 

2. Mix thoroughly and pipette 10 ml. (or a larger 
portion depending upon the concentration of the 
waste) into a 250 ml. beaker and dilute with 
about 50 ml. of distilled water. 

3. Add from a burette a measured quantity of 0.2 N 
sodium hydroxide (B6) and record the amount used. 
The amount used should be more than enough to 
neutralize the acid and precipitate the iron. 

4. Heat gently for a few minutes and filter. If an 
excess of sodium hydroxide has been added, the 
filtrate will give a pink color with a few drops 
of phenolphthalein. 

5. Rinse the beaker and wash the paper and precipi- 
tate with small portions of hot water. 

6. Add a few drops of phenolphthalein to the fil- 
trate and washings and titrate with 0.1 N sul- 
phuric acid (95) until the pink color just dis- 
appears. Record the ml. of acid used. 

Calculations 

ml. 0.2 N NaOH - (0.5 X ml. 0.1 N E^SO^.) X 98.1 
ml. of portion of diluted sample used in Step 2 

= grams per liter of combined acid and iron ex- 
pressed as H2SO4. 

7« Pipette 10 ml. of the diluted waste from Step 1 
into a beaker and add about 40 ml. of distilled 
water and 5 ml, of concentrated hydrochloric acid, 

8, Add about 10 ml. of bromine water (16), cover 
with a watch glass and boil for about 10 minutes. 

9. lake distinctly alkaline to litmus with concen- 
trated ammonium hydroxide and boil gently for 10 

V,'' minutes'. ' 

10. Ignite, cool and weigh a crucible. 

11. Filter the precipitate onto a quantitative filter 
paper and rinse and wash. with hot distilled water. 
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12. Place the paper in' the crucible, ignite, cool in 
a desiccator and weigh. 

Calculations 

Gain in weight (grains) X 19000 _ 

— — = grams 

ml. of portion of diluted sample used 

FeS 04 per liter. 

(Grams combined acid and iron per liter) - (grams 
PeS 04 per liter X 0.645) = grams H 2 SO 4 per liter. 
Grams FeS 04 per liter X 0.368 = grams Fe per 
liter. 

Iron, volumetric method 
Reagents.. Section II, No. (94). 

Note 

This method is adapted' to the determination of 
iron in metal piehling liquors and other ferric 
and ferrous iron solutions. 

1. Use an appropriate amount of the sample depending 
upon the iron content. The sample should not 
contain more than 0.15 grams Fe. Usually about 
1 ml. of thd concentrated iron solutions is suf- 
ficient. In order to measure this amount more 
accurately than is possible with a 1 ml, pipette, 
pipette 10 ml. of the sample into a 100 ml. vol- 
umetric flask, dilute to the mark, mix thoroughly 
and use a 10 ml. portion. 

2. Measure the sample into a casserole and carefully 
add 4 ml. of concentrated sulphuric acid. 

5. Evaporate over a free flame, keeping the cas- 
serole in constant motion, until the white fumes 
of sulphuric acid appear. 

4. Cool and carefully add about 50 ml. of distilled 

5. Rinse the solution into a 250 ml. Erlenmeyer 

flask, keeping the volume below 100 ml. 

6 . Add two grams of iron-free zinc (granular) and 
carefully warm until the 'zinc is dissolved. 

7. Cool and titrate at once with 0.1 N potassium 
permanganate (94) to the first permanent pink 
color, recording the ml. of permanganate used. 
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Note 

,If iron-free ^zinc is not ayailalole^ carry a sam- 
ple of distilled water through the same proce- 
dure, The ml. of permanganate required for the 
blank represents the iron in the zinc used and 
must he subtracted from the ml. of permanganate 
used for the sample. 

Calculations 

ml. of 0.1 N Klh04 X 0.005584 ^ 


ml. of sample used 


grams Fe per ml. 


Grams Fe per ml. X S.905 = grams FeCls per ml. 
Grams Fe per ml. X 2.78 = grams FeS04 per ml. 


Grams per ml, X IQQ 
Specific gravity 


= per cent by weight. 


Alkalies 

Reagents. Section II, Nos. (2), (S), (95), (4). 

1. Measure an appropriate amount of the sample (100 
ml. or a smaller amount diluted to 100 ml. with 
distilled water) into an Erlenmeyer flask, 

2. Add 5 drops of phenolphthalein (2), 

3. If the solution becomes pink, hydroxide or car- 
bonate alkalinity is present. Add 0,1 N sul- 
phuric acid (95) (use 0.02 N sulphuric acid (s) 
if the alkalinity is slight) drop by drop from a 
burette until the pink color just disappears. Re- 
cord the ml, of acid used. 

4. Add 3 drops of methyl orange (4) and again ti- 
t^^^ with the 0.1 N sulphuric acid to the first 
slight change in color. Record the ml. of acid 
used. 

Calculations 

Let P - ml, 0.1 N H2SO4 used for the phenolphthal- 
ein' reaction. 

Let T = the sum of the ml. used for the phenol- 
phthalein and methyl orange titrations. 

1. When P = T 

(OH) p.r liter. 
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When P is greater than 1/2 T. 

- = grams hydroxide (OH) per liter. 

ml» of sample 

Z. , = grams carbonate (CO3) per liter . 

ml . of sample 


3. When P = 1/2 T 
T X 5.0 


grams carbonate (CO3) per liter* 


ml. of sample 
4. When P is greater than 1/2 T 

= grams carbonate (CO3) per liter. 


2P X 3.0 


ml. of sample 

(T - 2P) X 6.1 4. /unn N 

1 = grams bicarbonate (HCO3) per 

ml. of sample liter. 


5. When P = 0 
T X 6.1 


ml. of sample 


grams bicarbonate (HCO3) per 
liter. 


Note 

If 0.02 I H3SO4 was used, the results of the 
above calculations must be divided by 5.0. 

Phenols, Baylis modification of Gibb^s method 
Reagents. Section II, los. (98), (87), (88), (100), 
(55), (101). 
lote 

This method is designed for water, sewage or 
wastes having a phenol content up to 50 p.p.m. 

For wastes (ammonia still liquors, etc.) having 
a phenol content greater than 50 p.p.m., use the 
bromine method which follows this procedure. 

Case I 

For sewage or waste containing from 0.05 to 50 
, ' i"p:.p.mv jhenol. 

1. Pipette 200. ml. of the sample into a Kjeldahl 
flask and acidify with phosphoric acid (98) until 
\:y ■ to methyl orange, (if the concentration 
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5. 


is greater than 0.5 p.p.m., a smaller volume di- 
luted to SOO ml. should be used.) 

Connect the flask to the condenser of an ammonia 
still and distill until about 180 ml., of dis- 
tillate is collected in a 200 ml. volumetric 
flask- 

Add 20 ml. of distilled water to the residue in 
the flask and continue the distillation until 
200 ml, total distillate is collected. 

filter through asbestos to remove 


2 . 


4. If necessary, 
fats. 

Determine the ml 


7. 


of buffer solution necessary to 
adjust the distillate to pH 9.6 as follows: Place 
50 ml. of the distillate in a Nessler tube and 
add 0.5 ml. of buffer solution (88). Test a 

2 ml. portion of this solution for pH by adding 

3 drops of thymolphthalein (87) or oleo red and 
comparing the color with standards. If pH is 
too low, add more buffer solution to the 50 ml. 
of distillate, 0.1 ml. at a time, until a pH of 
9.6 is obtained. Record the ml. of buffer solu- 
tion required. 

Make up aliquot portions of 1, 2, 5, 25 and 100 
ml. of the distillate to 100 ml. in a series of 
Nessler tubes and add 1 ml. of copper sulphate 
(100) to each tube . 

Add a volume of buffer solution to each tube as 
determined by the following formula: 

D = ml. aliquot portion of distillate used. 

B = ml. of buffer solution required for 50 ml. 
distillate. 

V = ml. of buffer required to produce pH of 
9.6 in the diluted aliquot portion in each 
tube. 


^ B + 
50/ 


'100 - D 

k 100 , 


8. At this point make up standards by placing 0.1, 
0.3, 0.6, 1.0, 1.5, 2.0, 3.0, and 4.0 ml. of 
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standard phenol solution (89) into ICO ml. Nes- 
sler tubes. Add 1 ml- of copper^ sulphate (lOO) 
and 1 ml. of buffer solution (88) and make up to 
the mark with distilled water. 

9, Add 1.5 ml. of 2, 6-dibromoquinonechloroimide 
(90) .to each standard and to the diluted aliquot 
distillates. Invert the tubes 5 times to mix. 

10,. After standing at least 2 hours, compare the col- 
ors and select the standard and aliquot having 
similar colors. 

Calculations 


ml. of standard phenol X 2000 
ml. aliquot portion X ml. sample 


p.p.m. phenol. 


Case II 

For polluted waters or water containing minute 
amounts of phenol. 

1. Measure 800 ml. of the sample into a liter 
KJeldahl flask, add 4 ml. of 12 N sodium hydrox- 
ide (55) and boil down to about 200 ml. 

2. Proceed according to Steps 1 to 6 inclusive in 
Case I except that in Step 5 buffer solution 
(101) should be used. 

S. Add a volume of buffer solution (101) to each 
tube as determined by the following formula: 

D = ml. aliquot portion of distillate used. 

B = ml. of buffer required for 50 ml. of dis- 
tillate. 

7 = ml. of buffer required to produce pH of 9.6 
in the diluted aliquot portion in each tube. 



■ 4 . Proceed according to Steps 8 to 10 inclusive in 
Case I except that 5 ml. of buffer ( 101) is used 
in Step 8. 

Calculations 


ml. of standard phenol X 2000 
ml. of aliquot portion X mi. of sample 


= p.p.m. 


phenol . 
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Phenol, bromine method 

Reagents. Section II, Nos. (91), (92), (93), (60). 
Hote 

This method is designed for wastes having phenol 
contents above 50 p.p.m. 

1. Place 100 ml. of the sample (smaller quantity 
diluted to 100 ml. may be used if the phenol con- 
tent is very high) into a Kjeldahl flask. 

2. Add 5 ml. of 20 per cent sodiiM hydroxide (91) 
and boil off any ammonia or until the vapors have 
no effect on moist litmus paper. 

3. Add 1 gram of lead carbonate and boll 1 minute 
more. 

4. Add 15 grams of sodium bicarbonate and make Up to 
. about 100 ml. 

5. Add boiling chips to prevent bumping and a drop 
of castor oil to prevent foaming. 

6. Connect to the ammonia still and distill until 
about 90 ml. of distillate have been collected in 
an Erlenmeyer flask. 

7. Cool and add 50 ml. of 0.1 H bromine (93) and 

5 ml. of concentrated hydrochloric acid to the 
distillate. 

8. Allow to stand in cold water for, 15 minutes and 
add about 2 grams of potassium iodide crystals. 

9. Titrate with 0.1 K sodium thiosulphate (92) using 
starch (60) as an indicator near the end of the 
titration. 

Calculations 

(50r-ml.of 0.1 N sodium thiosulphate) X 1560 
ml. of sample used 


= p.p.m. phenol 
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SECTION II 

REAGENTS AND STANDARD SOLUTIONS 
Part I. Stock Standard Solutions 


(a) Sulphuric acid 

1. Place a few grams of pure anhydrous sodium car- 
bonate in a small crucible and heat on a ?/ire 
gauze over a small Bunsen flame to drive off the 
moisture. (Drying in a 103^0 oven is preferred,, 
if such an oven is available, in which case the 
drying may be done directly in the weighing bot- 
tle with the stopper removed.) 

2. Cool in a desiccator and transfer the carbonate 
to a clean dry weighing bottle. Handle the 
weighing bottle with a clean dry cloth or piece 
of paper. 

3. Weigh the bottle and contents. 

4. Carefully transfer about 0.2 grams of the car- 
bonate to a 250 ml. Erlenmeyer flask and reweigh 
the bottle and contents. The difference in 
weight is the v/eight of the carbonate used. 

5. Weigh out a second portion into another flask in 
the same manner. 

6. Dissolve each sample in about 80 ml. of distilled 
water and add 3 drops of methyl orange (4) . 

7. Measure by means of a small graduate about 6 ml. 
of concentrated sulphuric acid and transfer this 
and several rinsings of the graduate to a liter 
bottle. Dilute to approximately 1 liter with 
distilled w'ater and mix. 

8. Rinse a clean burette several times with about 
10 ml. portions of the acid solution and then 
fill completely. 

9. Add the acid solution from the burette to the 
carbonate solution in each flask with constant 
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mizing mtil the color shows the first change 
from the yellow. Select as the. end-point the 
faintest trace of red in the yellow solution : giv- 
/ing a slight orange tint. Always titrate to the 
same color. Record the ml. of acid used in each 
case. 

Calculations 

^ = normality of 

(ml. of acid used in Step 9) X 53 acid. 


The solution should be approximately O.g N. 
Illustrated Example 



Weight of weighing 


‘ Titration EesiiLts 


bottle and contents 

Weight of 



(grams) 

Sodim 

ml. of normality 

Sample 

Before After 

C3arbonate 

HgSO^ of 

lo. 

removing removing 

Used 

Used acid solu- 


sample sample 

(grams) 

tion 

1 

20.6971 20.28S5 

0.4158 

57.1 0.2105 

2 

20.2855 19.8990 

0.5845 

54.5 0.2102 


The values in the last column were obtained as 
follows; 

„ , „ ^ 0.4138 X 1000 „ 

Sample No. 1 — — = 0.2105 


Sample No. 2 


0.5843 X 1000 
34.5 X 53 


0.2102 


(B) Sodium hydroxide 

1. Weigh out in a beaker on a trip scale about 30 
grams of pxire sodium hydroxide sticks. 

2. Add about 100 ml. of distilled. water and let 
stand until’ the surface coating of the sticks has 
dissolved. (This removes any carbonate coating. ) 

3. Pour off the supernatent liquor and dissolve the 
remaining sodium hydroxide (there should be about 
20 grams remaining) in boiled distilled water. 
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4. Transfer the solution to a liter tiottle, dilute 
to approximately 1 liter with boiled distilled 
water and mix thoroughly. 

5. Fill a clean burette with the sulphuric acid 
standard stock solution (A). 

6* Pipette two portions of exactly 10 ml. each of 
the sodium hydroxide solution into t?70 250 ml. 
Erlenmeyer flasks, dilute to about 100 ml. and 
add 3 drops of phenolphthalein (4). 

7. Titrate with the acid solution from the burette 
until the first permanent change from the yellow 
color is obtained. Select as the end-point the 
faintest trace of red in the yellow solution giv- 
ing a slight orange tint. Always titrate to the 
same color. 

Calculations 

ml. of sulphuric acid X normality of sulphuric 

acid ^ 

ml. of sodium hydroxide 

= normality of sodium hydroxide. 

The solution should be approximately 0.5 N. 

(C) Hydrochloric acid 

1. Place approximately 44 ml. of concentrated hy- 
drochloric acid in a 1 liter bottle, make up to 
approximately 1 liter with distilled water and 
mix thoroughly. 

2. Standardize the solution against sodium carbonate 
in the manner described for the standardization 
of sulphuric acid (A) . 

Note 

It is possible to standardize the hydrochloric 
acid against the sodium hydroxide (B) by titra- 
tion. A direct standardization, however, is pre- 
ferred. 

Calculations 

Wt. of sodium carbonate (grams) X lOOQ „ normali- 
of acid used X 53 

ty of acid. 

The solution should be approximately 0.5 N. 
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(D) Sodium thiosulphate (stock standard solution), 

1. Dissolve exactly 94.82 grams of sodium thiosul- 
phate (Na2S203*5H20) in distilled water and make 
up to 1 liter . 

2« Add 1.5 grams of ammonium carbonate and 5 ml. of 
chloroform as a preservative. (This solution may 
also be preserved by adding 0.2 per cent by 
weight of sodium hydroxide.) 

S. This solution is 0.1 N and is considered suffi- 
ciently accurate to be diluted for use in the 
ordinary dissolved oxygen determinations. As it 
does not keep well it should be made up new after 
a few weeks or restandardized. For restandardi- 
zation or a more accurate standardization of the 
original solution use the following method. 

a. Weigh exactly 3.250 grams of potassium binio- 
date (KIOa'HIOs), dissolve in distilled water, 
make up to 1 liter and mix thoroughly. 

b. Dissolve about 5 grams of potassium iodide 
crystals in about 100 ml. of distilled water 
in a 250 ml. Erlenmeyer flask. 

c. Add 10 ml. of dilute sulphuric acid (l to 10) 
and exactly 25 ml. of the biniodate solution. 

d. Titrate with the sodium thiosulphate solution 
using starch (60) as an indicator near the end 
of the titration (when a pale straw color is 
obtained). Record the ml, of thiosulphate 
used. 

Garculations 

ml. of biniodate solution X 0.1 

ml. of thiosulphate solution ^o™a-iity of 

sodium thiosulphate. 

(E) Potassium permanganate (stock standard solution) 

1. Dissolve exactly 14.210 grams of C.P. ammonium 
oxalate crystals, (1104)20204 *120, in distilled 
water and make up to 1 liter . . This solution is 
0.2 M. 

2. Dissolve 6.4 grams of potassium permanganate in 
distilled water, make up to 1 liter and mix 
thoroughly. Standardize as follows: 
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a. Pipette 25 ml, of the ammoniTom oxalate solu- 
tion into a 250 ml. Erlenmeyer flask and di- 
lute to about 100 ml. with distilled water. 

b. Add 10 ml. of 1 to 3 sulphuric acid (65) and 
heat to 90°C. 

c. Titrate while hot with the potassium perman- 
ganate solution to the first permanent pink 
color, recording the ml. of permanganate used. 

Calculations 

ml. of ammoni-um oxalate X 0.2 „ ... 

ml. of potassium permanganate ^7 o 

potassium permanganate. 


Part II. Reagents and Solutions 


Note. Letters in parentheses, thus (A), refer to 
Stock Standard Solutions, Section II, Part I. 

1. Asbestos fiber emulsion: Place 2.5 grams of 
finely shredded, acid-washed asbestos fiber in a 
liter bottle. Add 900 ml, of distilled water and 
shake thoroughly. 

2. Phenolphthalein indicator: Dissolve 0.5 grams of 
phenolphthalein in 1 liter of 50 per cent alcohol. 
Neutralize the solution with 0.02 N sodium hy- 
droxide (5). (To make 1 liter of 50 per cent al- 
cohol, dilute 526 ml. of 95 per cent grain al- 
cohol to 1 liter with boiled distilled water.) 

3. Standard 0.02 N. sulphuric acid; Dilute the ex- 
act quantity of stock standard sulphuric acid 
solution (a) as determined by the following form- 
ula to 1 liter with distilled water. 


20 

normality of stock H2SO4 


= ml. 


stock HgS04 neces- 


sary to produce 1 liter of 0.02 N H2SO4. 

Methyl orange indicator: Dissolve 0.5 grams of 
methyl orange in 1 liter of distilled water. 
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5'. Standard 02 N sodium hydroxides Dilute to 1 
liter with boiled distilled water the exact 
quantity of stock standard sodium hydroxide (B) 
as determined by the following formula: 

— §9 ■= ml, stock NaOH neces- 

normality of stock NaOH 

sary to produce 1 liter of 0,02 N NaOH, 

N 

6. Standard sodium hydroxides Dilute to 1 liter 

with boiled distilled water the exact quantity of 
stock standard soditim hydroxide (B) as deter- 
mined by the following formulas 


22. 7S 


normality of stock NaOH 
essary to produce 1 liter of 


= ml. of stock NaOH nec- 
N 


44 


NaOH, 


7, Standard soap solution: 

1. Make up a stock soap solution by shaking 100 
grams of pure powdered castile soap with 1 
liter of 80 per cent grain alcohol (25), let 
stand overnight and decant. 

2. Prepare a standard calcium solution by dis- 
solving 0.5 grams of pure calcium carbonate in 
about 5 ml. of 1 to 3 hydrochloric acid. Add 
about 40 ml. -of boiled and cooled distilled 
water and add ammonium hydroxide until slight- 
ly alkaline to litmus. Make up to exactly 
500 ml. with boiled and cooled distilled wa- 
ter. 1 ml, = 1 mg, CaCOs. 

3. Determine the lather factor by adding the soap 
solution drop by drop from a burette to a 

50 ml. portion of distilled water contained In 
B-ounce glass-stoppered bottle, shaking be- 
^ ^ additions. When sufficient soap so- 

has been added to produce a lather 
which remains over the entire surface of the 
water for 5 minutes (bottle should be layed on 
record the ml. of solution added. 
This is the lather factor. 
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4» Pipette 25 ml. of tiie standard calcium solu- 
tion into a Lottie,, add 25 ml. boiled dis- 
tilled water and titrate with soap solution 
as above, recording the ml. used to produce a 
permanent lather. 

5. Adjust the soap solution so that 1 ml. equals 
1 ml. of standard calcium solution. This is 
done by calculating the ml. of soap solution 
necessary to make 1 liter of required solu- 
tion using the forzHula: 

(ml. of soap solution step 4 - lather factor) 

X 40 = ml. stock soap solution required. 

Dilute this quantity of stock solution to 1 liter 
with 80 per cent alcohol (25). 1 ml. = 1 mg. 

CaC 03 A 

8. Soda reagent: Dissolve 2 grams sodium hydroxide 
and 2.65 grams of anhydrous sodium carbonate in 
distilled water and make up to 1 liter. 

9. Limewater: Add about 3 grams of good quality 
slaked lime to about 1 liter of distilled water. 
Shake thoroughly for some time and allow to stand 
until clear. Use the clear supernatent liquor. 

10. Hydroxylamine hydrochloride: Dissolve 10 grams 
of hydroxylamine hydrochloride in 1 liter of 
distilled water. 

11. Benzidine hydrochloride: Place 8 grams of benzi- 
dine in an agate mortar and add enough water to 
make a paste. Wash the paste into a liter flask, 
add 10 ml. of concentrated hydrochloric acid and 
make up to the mark. Filter if necessary. 

12. Standard 0.05 N sodium hydroxide: Dilute to 1 
liter with boiled distilled water the exact 
quantity of stock standard sodium hydroxide (B) 
as determined by the following formula: 

■ 50 

=■ ml.' ' stock' NaOH 'neces- 

normality of stock NaOH 

sary to produce 1 liter of 0.05 N NaOH. 

15. Potassium chromate indicator: Dissolve 50 grams 
of neutral potassium chromate in a small quantity 
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of distilled water.' Add silver nitrate solution 
(14) to produce a slight red precipitate. Allow 
to stand 'OYernight and filter. Make up to 1 
.liter. 

14. Standard silver nitrate: Dissolve 2.4 grams of 

C.P. silver nitrate crystals in 1 liter of dis- 
tilled water. This solution should be standard- 
ized against sodium chloride as follows: Dis- “ 

solve 16.48 grams of C.P. fused sodium chloride 
in distilled water and make up to 1 liter in a 
volumetric flask. Mix well and pipette 100 ml. 
of this stock solution into a second flask. Make 
up to 1 liter and mix. Pipette 25 ml. of this 
solution into a porcelain dish and add 25 ml. of 
distilled water- Place 50 ml. of distilled water 
in another dish as a control. Add 1 ml. of po- 
tassium chromate indicator to each. Now add the 
silver nitrate solution from a burette drop by 
drop until the first permanent reddish-brown col- 
or remains after stirring. 

1 ml. of the salt solution contains 1 mg. of 
chloride radical. The number of ml. of silver 
nitrate solution must be corrected for error due 
to variation in volume by subtracting (0.005V 
+ 0.02) where V = ml. of liquid at the end of 
the titration ► Adjust the solution so that 2 ml* 
of the silver nitrate will be exactly equivalent 
to 1 ml. of the sodiinn chloride solution. Then 
1.0 ml, of the silver nitrate solution will be 
equivalent to 0.5 mg. of the chloride radical. 

15. Aluminum hydroxide: Dissolve 125 grams of pure 
aluminum sulphate in 1 liter of water. Add am- 
monium hydroxide until the precipitation is com- 
plete. Allow to settle and pour off the super-, 
natent. Wash the precipitate in a large quantity 
of distilled water to remove chlorides, nitrites 
and ammonia, 

16. Bromine water: Fill a liter bottle almost full 
of distilled water. In the hood, carefully pour 
about 10 ml. of bromine into the bottle. Stopper 
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' and shake. Care should be used in 'handling 
bromine as the liquid or its fumes cause serious 
'hums.' ■ ■ ■ 

17. Ammonium chloride^ 10 per cent: DissolYe 100 
grams C.P. ammonium chloride in distilled water 
and. make up to 1 liter. 

18. Saturated ammonium oxalate: Place about 50 grams 
of C.P. ammonium oxalate in a liter bottle and 
fill with distilled water. Shake and let stand 
until almost all of the crystals are dissolved. 
(Use the supernatent liquor.) 

19. Sulphuric acid, 2 per cent: Add 20 ml. of con- 
centrated sulphuric acid to about 1 liter of dis- 
tilled water. 

20. Standard potassium permanganate (0.125 N): Di- 

lute to 1 liter with distilled water, the exact 
quantity of stock standard potassium permanganate 
(E) as determined by the following formula: ^ 

— — = ml. stock i[Mn04 neces- 

normality of stock KMn04 

sary to produce 1 liter of 0.125 N KMn04. 

21. Disodium phosphate (10 per cent): Dissolve 100 
grams of C.P. disodium phosphate (Na2HP04) in 
distilled water and make up to 1 liter. 

22. Barium chloride (10 per cent): Dissolve 100 grams 
of C.P. barium chloride in distilled water and 
make up to 1 liter. 

25. Barium hydroxide (saturated): Place about 70 
grams of barium hydroxide in a liter bottle. Al- 
most fill with distilled water and shake for some 
time. Allow to settle and use the clear super- 
natent liquor. 

24. Platinic chloride (10 per cent): Dissolve 10 
grams platlnic chloride (PtCl4) in distilled wa- 
ter and make up to 100 ml. 

25. Alcohol (80 per cent): To make 1 liter of 80 per 
cent alcohol dilute 840 ml. of 95 per cent pure 
grain alcohol to 1 liter with distilled water. 

26. Permanent iron standards:- -Solution No. It Dis- 
solve 0.4 grams of potassium chloroplatinate 
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(K^RtCla) in a small amount of distilled watery 
add £0 ml® concentrated hydrochloric acid and 
dilute to 100 ml® with distilled water. 

Solution No. 2: DissolTe 4.8 grams of co~" 
haltous chloride (CoCl;3*6H20) in a small amount 
of distilled water^ add 20 ml. of concentrated 
hydrochloric acid and make up to 100 ml. with 
distilled water. Place the quantities of each 
solution as given in the following table in 100ml. 
Nessler tubes and dilute to the mark with dis- 
tilled water. 


Solution Solution Milligrams 


No. 1 

No. £ 

of iron 

1.00 

0.60 

0.01 

2.25 

l.£0 

0.02 

3. SO 

1.85 

0.03 

4.65 

2.75 

0.04 

5.75 

S.65 

0.05 

8.85 

6.60 

0.075 

11.30 

10.00 

0.10 

14.70 

IS. 80 

0.125 

16.85 

15.10 ‘ 

0.15 


£7. Standard iron solution: Dissolve 0.7022 grams of 
ferrous ammonium sulphate crystals [FeS04 (114)2804 
•6H2O] in about 50 ml. of distilled water and 
£0 ml. of concentrated sulphuric acid. Warm and 
add potassium permanganate solution (£8) until a 
slight pink color persists. Dilute to 1 liter 
with distilled water. 1 ml. = 0.1 mg. Fe. 

£8. Potassium permanganate reagent: Dissolve 6.S grams 
of potassium permanganate in distilled water and 
make up to 1 liter. 

£9. Potassium thiocyanate: Dissolve £ grams of po- 
tassium thiocyanate in distilled water and make 
up to 100 ml. 

SO. Sulphuric acid, dilute: Carefully add 100 ml. of 
C.P. concentrated sulphuric acid to 500 ml. of 
distilled water. 
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31. Potassiiim ferricyanide: Dissolve 0.5 grams of 
crystalline potas Sima ferricyanide in distilled 
water and make np to 100 ml. This solution does 
not keep well and must be freshly prepared. 

32. Standard ferrous ammonium sulphate: Dissolve 

0.7022 grams of crystalline ferrous ammonium sul- 
phate [FeS04 (HH4)2S04*6H20] in freshly boiled 
distilled water to which 10 ml. of dilute sul- 
phuric acid (30) has been added. Dilute to 1 
liter with boiled distilled water.' This solution 
will not keep. 1 ml. = 0.1 mg. Pe. 

33. Standard manganous sulphate solutions Dissolve 

0. 2873. grams of potassium permanganate in 100 ml. 
distilled water. Acidify with sulphuric acid and 
heat to boiling. Slowly add a dilute solution of 
oxalic acid until the color is just discharged. 
Cool and dilute to 1 liter. 1 ml. = 0.1 mg. In. 

34. Nitric acid reagent: Add 100 ml. of concentrated 
nitric acid to 100 ml. of distilled water. If 
brown, bubble air through the solution in the 
hood until colorless. 

35. Silver nitrate reagent. Dissolve 20 grams silver 
nitrate in distilled water and make up to 1 liter. 

36. Standard alum solution; Dissolve 2.5 grams of 
aluminum sulphate crystals [Al2(S04)3*18H20] in 
boiled distilled water, add about 2 ml. of dilute 
sulphuric acid (30) and make up to 1 liter. This 
is a stock solution and must/ be standardized as 
follows; 

1. Pipette two 50 ml. portions of the well mixed 
solution into 250 ml. beakers. 

2. lake distinctly alkaline to litmus with am- 
monium hydroxide. 

3. Cover and boil gently until the odor of am- 
monia is slight. 

4. Filter through quantitative filter paper and 
wash with hot distilled water until the fil- 
trates give no white cloudiness when treated 
with a drop of barium chloride (22) . 

5. Ignite, cool and weigh two crucibles. 
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6 . Place the filter papers in each of the cruci- 
bles^ ignite^ cool and weigh • The gain in 
weight is the weight of AlgOa in a 50 ml « por- 
tion, The two weights should check. 

The standard alum solution is made as 
follows s Measure a portion of the standard- 
ized stock solution, as determined by the 
formula below, into a liter Tolumetric flask. 
Add 2 ml, of dilute sulphuric acid (SO) and 
dilute to the mark with boiled distilled wa- 
ter. 


grams AI 2 O 3 in 50 ml. stock alum 

ardized stock almn solution required. 

1 ml. = 0,01 mg. AI 2 O 3 . 

Permanent alum standards: The standards prepared 
according to the method given in the residual 
alum determination may be sealed in the phosphor- 
ic acid flasks. These standards will be more 
permanent if a good surface water is used instead 
of distilled water for diluting the standard alum 
solution in the flasks. This water should first 
be stored for about 4 days and filtered. 

58,. Alizarin red S. (0,3 per cent): Pour 5.5 ml. of 
concentrated sulphuric acid into about 95 ml, of 
distilled water. Dissolve 0.3 grams of alizarin 
red S. (alizarin sodium monosulphonate) in the 
sulphuric acid solution. 

39. Sodium bicarbonate, saturated: Mix about 100 
grams of sodium bicarbonate with 1 liter of dis- 
tilled water. Stir until the solution is satu- 
rated. Filter and add about 20 ml. of dis- 
tilled water to the filtrate. 

40. Acetic acid (50 per cent): Dilute 50 ml. of 
glacial acetic acid with 50 ml. of boiled dis- 
tilled water. 

41. Color standards: Dissolve 0.249 grams of potas- 
sium chloroplatinate (IsPtCle) and 0.2 grams of 
crystallized cobalt chloride (CoCls-BHgO) in a 

' ■ small amount of distilled .water, add 20 ml. of 
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concentrated hydrochloric acid and dilute to 
200 ml. with distilled water. Place 1^ 2 ^ 3^ 
etc.> to 10 ml. of this solution in 100 ml. Nes- 
sler tubes and dilute to the mark. These repre- 
sent colors of 5, 10, 15, etc. 

42. Turbidity standards 2 to 25: Place a few grains 
of Fuller’s earth in a gallon bottle and almost 
fill with distilled ?/ater. Shake violently sev- 
eral times and allow to stand overnight. With- 
draw the supernatent liquor and test the turbid- 
ity with the Jackson turbidimeter. If the tur- 
bidity is less than 50, add more earth and re- 
peat until a turbidity is above that value. From 
this stock suspension make up, in liter clear- 
glass bottles, suspensions having turbidities of 
2, 5, 10, 15, 20, and 25 by diluting an appropri- 
ate amount with distilled water. To determine the 
amount of stock suspension necessary co use in 
making up the standards, apply the following for- 
mula: 


Turbidity desired X 1000 
Turbidity of stock suspension 


stock suspen- 


sion necessary to make 1 liter of standard. 

43. Turbidity standards, Baylis turbidimeter: Make 

these standards in the same manner as described 
above. Standards having turbidities of 0.2, 0.5, 
0.75, 1.0, 1.5 and 2.0 should be made. 

44. Ammonia-free ?mter: Add 2 ml. of concentrated 
sulphuric acid to each liter of distilled water 
and redistill. 

45. ; Permanent ammonia standards; Solution No. 1: 

Dissolve exactly 0.4 grams potassium chloroplati- 
nate (E2ptCl6) in a small amount of distilled wa- 
ter, add 20 ml. of concentrated hydrochloric acid 
and dilute to 200 ml. Solution No. 2: Dissolve 
exactly 1.2 grams of eobaltous chloride (C 0 CI 2 
^OHeO) in a small amount of distilled water, add 
10 ml. of concentrated hydrochloric acid and 
, make up to 100 ml. ■ 
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Measure into 100 ml. Nessler tubes, the vol- 
umes of each solution as given below and dilute 
to the mark. Stopper tightly and keep in dark 
place . 


ml« Solution 

ml. Solution 

Mg . ammonia 


No. 2 

nitrogen 

2,8 . 

0.0 

0.002 

4.7 

0.1 

0.004 

5.9 

0.2 

0.007 

7.7 

0.5 

0.010 

9.9 

1.1 

0.014 

12.7 

2.2 

0.020 

15.0 

5.3 

0.025 

17,5 

4.5 

0,030 

19.7 

7.1 

0.040 

20.0 

10.4 

0.050 


46. Standard ammonium chloride; Dissolve 3.82 grams 
of pure ammonium chloride in 1 liter of dis- 
tilled water. Mix thoroughly and dilute 10 ml. 
of this solution to 1 liter with ammonia-free wa- 
ter. 1 ml. = 0.01 mg. of N = 0.01216 NHa. 

47. Kessler's reagent; Dissolve 50 grams of potas- 
sium iodide in about 35 ml. of cold ammonia-free 
water. Add a saturated solution of mercuric 
chloride until a slight precipitate persists. Add 
400 ml. of a 50 per cent solution of potassium 
hydroxide. Dilute to 1 liter, allow to settle 
and decant. 

48. Alkaline potassium permanganate; Boil about 600 
ml. of distilled water in a large evaporating 
dish for 10 minutes. Add 8 grams of potassium 
permanganate and stir ^antil completely dissolved. 
Dissolve 180 grams of sodium hydroxide in 500 ml. 
of ammonia-free water (44) and let stand until 
any insoluble matter settles. Add 400 ml. of the 
clear supernatent sodium hydroxide solution to 
the potassium permanganate solution in the dish 
and make up to about 1200 ml. with ammonia-free 
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■ water « Boil until the volume has been reduced 

■ to about 1 liter • 

49« Phosphate buffer solution (pH 7,4): Dissolve 
14,3 grams of mono-potassium phosphate (KH 2 PO 4 ) 
and 90.15 grams of dipotassium phosphate 
(K 2 HPO 4 " 3 H 2 O) in distilled water and make up to 
1 , liter. 

50. Standard sodium nitrite: Dissolve 1.1 grams of 
silver nitrite in nitrite-free water. Add a so- 
lution of sodium chloride until the silver chlo- 
ride is completely precipitated. Dilute to 1 
liter and allow to settle. Dilute 100 ml. of 
this solution to one liter and mix well. Finally 
dilute 50 ml. of the latter solution to 1 liter. 
Mix and add a few drops of chloroform. 1 ml. 

= 0.0005 mg. of N = 0.00164 mg. NO 2 . 

51. Sulfanilic acid: Dissolve 8.0 grams of pure 
sulphanilic acid in 750 ml. of water and 250 ml. 
of glacial acetic acid. 

52. Alpha-nap thy lamine: Dissolve 5.0 grams of 
alpha-napthylamine in a mixture of 750 ml. of wa- 
ter and 250 ml. of glacial acetic acid. Filter 
through glass ?/ool or cotton. 

53. Standard silver sulphate: Dissolve 4.397 grams 
of C.P. silver sulphate in 1 liter of distilled 
water. 1 ml. = 1 mg. Cl. 

54. Phenoldisulphonic acid. Dissolve 25 grams of 
pure phenol in 150 ml. of concentrated sulphuric 
acid and add 75 ml. of fuming sulphuric acid. 

Heat for 2 hours over a boiling water bath. 

55. Sodium hydroxide (approximately 12 N): Dissolve 
about 480 grams of pure sodium hydroxide in ^ dis- 
tilled v/ater , and make up to about 1 liter, 

56. Standard nitrate solution:- Dissolve 0.7216 grams 
of pure potassium nitrate in 1 liter of ■ dls- t 
tilled water. Evaporate 50 ml. of this, solution 
to dryness' on the water bath. Moisten the resl- 

, , ..due with 2 ml. of phenoldisulphonic acid rubb.irig 
.' . it ..well into, the residue to insure intimate con- 

. tact.; Dilute to .500 ml. v/ith distilled water,.- . 

. . , 1 ,ml., , 0..0.1 mg. .of N ' = 0.04426 mg. NO 3 .' 
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5?« Manganous sulphate: DissolYe 480 grams of man-* 
ganous sulphate crystals in sufficient distilleci 
water to make 1 liter. 

58. Alkaline potassium iodide: Dissolve 500 
grams of sodium hydroxide and 150 grams of po- 
tassium iodide in sufficient distilled water to 
make 1 liter. 

59. Standard sodium thiosulphate (0.025 N): Dilute 
the calculated amount of stock standard sodium 
thiosulphate solution (D) to 1 liter with dis- 
tilled water. Add 5 ml. of chloroform, lake up 
fresh every two weeks. 

25 

Normality of stock standard sodium thiosulphate 

= ml. of stock standard NaaSgOs required to make 

1 liter of 0.025 N sodium. thiosulphate. 

60. Starch indicator: Make a thin paste of about 

2 grams of starch in cold water. Pour into 200ml. 
boiling water and stir. When cool add a few 
drops of chloroform. 

61. Potassium permanganate: Dissolve 6.32 grams of 
potassium permanganate in sufficient ¥;ater to 
make 1 liter. 

62. Potassium oxalate: Dissolve 20 grams of potas- 
sium oxalate in sufficient water to make 1 liter. 

65. Sulphuric acid (1 to 3): Add slowly with con- 
stant stirring 250 ml. of concentrated sulphuric 
acid to 750 ml. of distilled water. 

64. Standard ammonium oxalate, 0.0125 N: Dissolve 
exactly 0.8881 grams of pure ammonium oxalate in 
1 liter of water. 

65. Standard potassium permanganate, 0.0125 N: Dis- 
solve 0.4 grams of potassium permanganate in 1 
liter of . water and titrate against the ammonium 
oxalate solution (64) as follows; 

1. Place 100 ml. of distilled water into an Er- 
lenmeyer flask and add 10 ml. of 1 to 3 sul- 
phuric acid (63) and 10 ml, of the potassium 
permanganate solution. 

2. Place in a boiling water bath for 30 minutes. 
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5, Add 10 ml. of ammonium oxalate solution (64) 
and then drop hy drop from a burette ^ add the 
potassium permanganate solution until the 
first slight permanent pink color. (No rec~ 
ord of the volume of permanganate solution 
used up to this point need be made.) 

4. Heat almost to boiling, add exactly 10 ml. of 
ammonium oxalate solution (64) . 

5* Titrate with the permanganate solution to the 
first pink color, recording the ml. of per- 
manganate solution used- 

6. Adjust the permanganate solution so that 1 ml. 
of oxalate = 1 ml. of permanganate. 

66. o-tolidine solution: Place 1 gram of o-tolidine 
in a large mortar and add 5 ml. of 1 to 4 hydro- 
chloric acid (100 ml. of concentrated hydro- 
chloric acid in 400 ml. of distilled water). 

Grind to a thin paste and add 150 ml. of dis- 
tilled water. Stir until the o-tolidine is dis- 
solved. Transfer to a 1 liter graduated cylinder 
and make up to 505 ml. with distilled water. Add 
the remaining 495 ml. of 1 to 4 hydrochloric acid. 

67. Color standards for chlorine: Solution No. 1; 
Dissolve 1.5 grams of copper sulphate and 1 ml. 
of concentrated sulphuric acid in distilled wa- 
ter and make up to 100 ml. Solution No. 2 : Dis- 
solve 0.25 grams of potassium dichromate and 1ml. 
of concentrated sulphuric acid in distilled wa- 
ter and make up to 1 liter. Place the quantities 
of the two solutions indicated in the following 
table in 100 ml. Nessler tubes and make up to the 
mark with distilled water. Stopper and keep in 

a dark place. 


ml. Soln. No. 1 

ml. Soln. No. 2 

p.p.m. Cl. 

0.4 

5.5 

0.05 

, ■■ 1.8 

10.0 

0.10 

1.9 

20.0 

0.20 

' 1.9 

30.0 

0:30 

' . 2.0 ■ 

38.0 

0.40 

: , ,2.0 ■ 

45.0 

0.50 

2.0 

58.0 

0.70 
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68, Standard sodiiua thiosulphate (0,001 I): Dilute 
\ .the ' calculated amount of stock standard sodium 
thiosulphate solution (D) to 1 liter with dis~ 

■ tilled water, lake up fresh every few days, 

^ i = ml, of 

Normality of stock standard NagS 203 


stock standard Na 2 S 203 required to make 1 liter 
of 0.001 N sodium thiosulphate. 

69. Standard iodine solution 0.025 N; Dissolve 2.0 
grams of potassium iodide crystals in a small 
quantity of hot, boiled distilled vmter. Cool, 
add 3.173 grams of iodine and make up to 1 liter 
with distilled water. Titrate 25 ml. of this so- 
lution with the 0.025 N sodium thiosulphate (59) 
using starch (60) as an indicator. Adjust the 
solution so as to be equal to the thiosulphate. 


25,000 

ml. thiosulphate used 


= ml. of iodine solution 


necessary to produce 1 liter of 0.025 N iodine 
solution. 

70. Cleaning solution; Dissolve 100 grams of com- 
mercial potassium dichromate in 375 ml. water and 
make up to 1 liter with concentrated sulphuric 
acid. Add the acid to the water solution with 
constant stirring. - 

71. Diluting water for biochemical oxygen demand 
(B.O.D.): Add 6 grams of sodium bicarbonate to 
5 gallons of distilled water. Aerate by bubbling 
air through the water until the dissolved oxygen 
content is above 7«0 p.p.m. This may require 

■several days. Store for at least two weeks ' be- 
;f ore using. 

72. Calibration of bottles: Weigh the bottle empty 
and again when completely full of distilled wa- 
ter. The difference in weight in grams is the 
capacity of the bottle in ml. 

73. Methylene blue: Dissolve 1 gram of methylene 
blue (Merckxs double zinc salt) in 1 liter of 
distilled water. 
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74« Copper sulphate solution (10 per cent). Dis- 
solve 100 grams of copper " sulphate crystals in' 
distilled water and make up to 1 liter. 

75. Chlorine water: This solution should contain 

0. 5 grams of chlorine per liter, lake a slightly 
stronger solution "by, shaking hypochlorite of 
lime or sodium hypochlorite with distilled wa- 
ter. Filter and make up to 1 liter. (15 ml. of 
5.5 per cent sodium hypochlorite per liter will 
give approximate strength.) Standardize this 
solution as follows: 

1. Dissolve 2 grams of potassium iodide in 50 ml. 
of distilled water in an Erlenmeyer flask and 
add 2 ml. of glacial acetic acid. 

9. Pipette 5 ml. of the chlorine solution into 
the flask. 

5. Titrate with 0.025 I thiosulphate solution 
(59) using starch (60) as an indicator near 
the end of the titration. Calculate the 
weight of chlorine in 1 liter of solution by 
multiplying the ml. of thiosulphate by 0.1777. 
4. Diltite the chlorine solution so as to contain 
0.5 grams of chlorine per liter, as follows: 


500 

Wt. of chlorine per liter 


= ml. of chlorine 


solution to give 1 liter of solution contain- 
ing 0.5 grams Cl., 

76. Hydrochloric acid (approximately 1 I): Dilute 

86 ml. of concentrated hydrochloric acid with 
sufficient distilled water to make 1 liter of 
solution. 

77. Molybdate solution; Dissolve 100 grams of molyb- 
dic' acid in dilute ammonium hydroxide (144 ml., of 

' concentrated ammonium hydroxide and 271 ml. of 
' water) . Pour this solution slowly with constant 
Stirring into dilute nitric acid (489 ml. of 
concentrated nitric acid and 1148 ml. of dis-" . 
tilled water) . Keep the. mixture in a warm place 
for; several days or until a portion heated to 40 ' 
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phosphomolybdate. Decant the solution from any 
sediment and preserve in a glass-stoppered bot- 
tle. Before usings add 5 ml. of concentrated ni- 
tric acid to 100 ml. of the molybdate solution 
and filter. 

78. Standard sodium hydroxide (0.3238 N); Dilute the 
calculated amount of stock standard sodium hy- 
droxide (B) to 1 liter with boiled distilled wa- 
ter. 


523.8 

Normality of stock standard NaOH 


= ml. of stock 


standard NaOH necessary to make 1 liter of 
0.3238 N NaOH. 

79. Standard hydrochloric acid (0.3238 N): Dilute 

the calculated amount of stock standard hydro- 
chloric acid (C) to 1 liter with distilled water. 


323.8 

Normality of standard stock HCl 


= ml. 


stock 


standard HCl necessary to make 1 liter of 0.3238 
N HCl. 

80. Salicylic acid mixture: Dissolve 1 gram salicyl- 
ic acid in 30 ml. of concentrated sulphuric acid. 

81. Boric acid; Dissolve 40 grams of boric acid in 
1 liter of distilled water. 

82. Standard hydrochloric acid (0.5 N): Dilute the 
calculated amount of stock standard hydrochloric 
acid (C) to 1 liter with distilled Y/ater. 

^ 500 ^ 

Normality of standard stock HCl stock 

standard HCl necessary to make 1 liter of 0.5 N 

■:':HC1.,, 

83. Potassium hydroxide for COgt Dissolve 100 grams 
of pure potassium hydroxide in 200 ml. of dis- 
tilled water, 

84. Phenolphthalin for cyanides: (Not phenolphthal- 

ein): Dissolve 0.5 grams of phenolphthalin 
(Eastman Kodak Co.) in about 150 ml. of dilute 
sodium hydroxide (about 1 gm. NaOH in 150 ml. of 
distilled water). Keep in a dark place. 
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85 « Copper sulphate (0.05 per cent): Dissolve 0.5 
grams of copper sulphate crystals in 1 liter of 
distilled water. 

86. Sodium hydroxide (0.2 N): Dilute the calculated 
amount of stock standard sodium hydroxide (B) to 
1 liter with toiled distilled water. 

I ..SOQ — ml stock 

Normality of standard stock NaOH 

standard NaOH necessary to make 1 liter of 0.1 N 
NaOH. 

87. Thymolphthalein: Prepare a stock solution by 
grinding 0.4 grams of thymolphthalein with 17.2 
ml. of 0.05 N sodium hydroxide (12) and make up 
to 100 ml. with distilled water. For use^ dilute 
10 ml. of this stock solution to 100 ml. with 
distilled water. 

88. Buffer solution for phenols: Dissolve about 6.2 
grams of boric acid and 7.45 grams of potassiim 
chloride in 1500 ml. of distilled water. Adjust 
with 0.2 N sodium hydroxide (86) to such a 
strength that 5 ml. when added to 100 ml. of the 
distilled will give a pH of 9.6. This buffer is 
to be used with samples of low phenol content. 

89. Standard phenol solution: First prepare a stand- 
ard stock phenol solution by dissolving 1 gram 
of pure phenol in 1 liter of distilled \¥ater. 
Standardize as follows: 

1. Pipette 50 ml. of the well mixed phenol solu- 
tion into an Erlenmeyer flask. 

2. Add 50 ml. of 0.1 N bromine (93) and 5 ml. of 
concentrated hydrochloric acid. 

3. Allow to stand in cool Yirater for 15 minutes 
and add 2 grams of potassium iodide crystals. 

4. Titrate with 0.1 N sodium thiosulphate (92) 
using starch (60) as an indicator near the 
end of the titration. 

Record the ml. of thiosulphate used. 

(50 - ml. 0.1 N thiosulphate) X 0.156 = mg. 
phenol per ml. 
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l!o malce a standard solution in which 1 ml, 

: = OrOl mg. ' of phenol^ diltlte the' standard stock 
solution with distilled v<rater as follows: 

- — ^ — = ml. of standard stock phenol 

■ mg. phenol per ml. ■ 

■solution necessary to make 1 liter of standard 
phenol, solution. 

1 ml. = 0.01 mg. phenol. 

90. E^G-dihromoquinonechloroimide: Dissolve 0.1 
grams of the powder in 25 ml. of 95^ ethyl alco- 
hol and place in a tightly stoppered brown bot- 
tle, This stock solution must be made up fresh 
every 5 days. Before the test is made, dilute 
10 ml, of the stock solution to 200 ml. with dis- 
tilled water . This solution will not last over 
SO minutes. 

91. Sodium hydroxide (20 per cent): Dissolve 100 
grams of sodium hydroxide in 400 ml. of dis- 
tilled water. 

92. Sodium thiosulphate (O.l I): Dilute to 1 liter 
with distilled water, the calculated amount of 
stock standard sodium thiosulphate solution (D) « 
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stock standard sodium thiosulphate necessary to 
make 1 liter of 0.1 I sodium thiosulphate. 

93, Bromine (0.1 l): Dissolve exactly 2.784 grams of 
potassiiam bromate and 10 grams of potassium 
bromide in . distilled water and make up to 1 liter. 
Standardize as follows: 

1. Pipette 25 ml. of the well mixed bromine so- 
lution into an Erlenmeyer flask. 

2* Add about 75 ml. of distilled water and 5 ml. 

of concentrated hydrochloric acid, 

,3.. Add 2 grams of potassium iodide crystals and 
^ "titrate against the 0.1 I sodium thiosulphate 
, , solution using starch (60) near the end 
. of the titration. - 
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4. Adjust the solution by diluting with dis- 
tilled water in the proportion Indicated be- 
low so that 1 ml« bromine solution = I ml« 
thiosulphate solution. 


g5,Q00 

ml. of thiosulphate used 


= ml. bromine solu- 


tion necessary to make 1 liter of 0,1 N 
bromine. 

94. Potassium permanganate (O.'l N) : Dilute the cal- 
culated amount of stock standard potassium per- 
manganate solution (e) to 1 liter with dis- 
tilled water. 


100 

Normality of stock standard KMn 04 


= ml. 


stock 


standard KMn 04 necessary to make 1 liter of 0.1 
N potassium permanganate. 

95. Sulphuric acid (O.l N): Dilute the calculated 
amount of the stock standard sulphuric acid so- 
lution (A) to 1 liter with distilled water. 


100 

Normality of stock standard H 2 SO 4 


= ml. of stock 


standard H 2 SO 4 necessary to make 1 liter of 
0.1 I sulphuric acid. 

96. Approximately 0.2 1 hydrochloric s Dilute 17 ml. 
of concentrated hydrochloric acid to 1 liter 
with distilled water. 

97. Approximately 0.2 N sodium hydroxide: Dissolve 
8 ' grams of sodium hydroxide in 1 liter of dis- 
tilled water . 

98. Phosphoric acid, 10 per cent: Dilute , 118 ml. 
of 85 per cent phosphoric acid to 1 liter with 
distilled water. 

99. Phosphoric acid, 50 per cent: Dilute 116 ml. 
of '85 per cent phosphoric acid to 200 ml. with 

..distilled water, 

100. Copper sulphate solution: Dissolve about 0.05 
.grams of copper sulphate in. 1 liter of .di.s- , 

' tilled'. water. 
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101/ Strong buffer solution for pheno^: Dissolve 
' about 6»2 grams of boric acid a£d 7»45, grams of 
potassium chloride in 1500 ml« of distilled' ?/a- 
ter. Adjust with 0.2 N sodium hydroxide (86) to 
such a strength that 1 ml. when added to 100 ml. 
of distilled water will give a pH of 9.6. This 
buffer solution is to be used wuth samples hav- 
ing high phenol contents. 

102. Ferric chloride 10^. If anhydrous ferric chlo- 
ride is used^ dissolve 40 grams of the salt in 
1 liter of distilled water. If crystalline fer- 
ric chloride is used, dissolve 67 grams of the 
crystals in 1 liter of water. 
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Foreword 


The work in the preceding sections of this book 
has been confined to instructions for carrying out 
certain chemical analytical determinations on water 
sewage and trade wastes. The instructions were made 
sufficiently detailed and clear so that they could be 
followed without referring to other explanations. It 
is necessary in many instances for the laboratory 
worker to understand a certain amount of chemistry 
in order that he may intelligently apply even de- 
tailed instructions. A certain facility in carrying 
through instructions for the procedure for analytical 
determinations may be acquired by practice but the 
analyst should not be content until he understands 
the reasons upon which the procedures have been form- 
ulated. Many laboratory workers will no doubt find 
that they are thoroughly familiar with the material 
contained in this section as it is intended only as 
a very elementary treatise of the chemistry which is 
considered essential in order to acquire a fair un- 
derstanding of the analytical determinations given 
in this book. 

This section will cover explanations of units 
used in chemistry^ the writing of formulae and equa- 
tions methods of expressing results^ reactions in- 
volved in the determinations and other fundamental 
relations. 


118 


CHEMICAL ANALISIS OF WATER AND SEWAGE 


Fimdimentals 

Units of measurement 

■ The ordinary units of measurement used in labo- 
ratory work are based on the metric system* It is 
sometimes necessary to convert values from the metric 
system to the English system or vice versa. Con- 
/'venient conversion values are given later in this 
discussion. 

: ' The unit of weight is the kilogram. There are 
1000 grams in one kilogram and 1000 milligrams in 
one gram. Thus^ there are 1^000,000 milligrams in 
one' kilogram. 

The unit of volume is the liter. It is the vol- 
ume of 1 kilogram of pure water at a temperature of 
4^C and 76 cm. of mercury pressure. There are:, 1000 
milliliters in 1 liter. Therefore^ 1 milliliter of ■ ' 
water weighs one gram. This relation' of weight and 
volume makes' the use of metric units very convenient 
;in the laboratory. This relation is not quite true 
for other temperatures and pressures but the effect 
of these' factors may be neglected in ordinary work. 
The term cubic centimeter (cc.) is' often used in 
place of milliliter (ml.). For all practical pur- 
poses they may be considered identical, , (The milli- 
liter is slightly larger.) 

The unit of length is the meter. ' There are 100 
centimeters (cm.) in the meter and 10 millimeter 
(mm.) in the centimeter. There are thus 1000 milli- 
meters in 1 meter. 

Temperatures are generally recorded in degrees 
Centigrade., Zero degrees of the Centigrade thermome- 
ter is the freezing point of water and 100 degrees is; 
the boiling point of water. These values correspond 
to 32 degrees and 212 degrees respectively on the ' 
Fahrenheit scale. 

The ■results of the chemical analysis of water 
I and sewage are usually expressed in parts per' mil- 
llion (p,:p.m.)' by weight. One liter of . water or sew-" 
(age to be analyzed^, with its contained impurities'^ is 
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assiimed to weigh one kilognam as it is used In the f 
laboratory* It will he noticed from the weight' -re- I 
lations given above that one p*p*m. is the same as / 
one milligram per liter. This is a convenient rela~| 
tion to have in mind when performing certain calcu- | 
lations «, In special cases of waters containing larg^ 
amounts of Impurities, the results obtained should be\ 
divided by the specific gravity of the sample. 

The results may also be expressed in grains per i 
gallon. One grain per gallon (g.p.g.) is equivalent j 
to 17.12 p.p.m. The following conversion factors / 
will be found convenient. 

1 milligram per liter = 1 part per million 
(p.p.m.) 

1 grain per gallon (g.p.g.) = 17.12 p.p.m. 

1 part per million = 8.345 lbs. per million gal- 
lons 

1 liter = 0.2642 gallons 

1 kilogram = 2.205 pounds 

1 pound = 453.6 grams 

1 meter = 39.37 inches 

1 degree Centigrade =1.8 degrees Fahrenheit 

Other conversion factors will be found on page 
193 of the Appendix. 

Chemistry 

All matter is made up of one or more elements. 
The elements are fundamental substances which cannot 
be divided into simpler substances.- Compounds are 
substances consisting of elements chemically com- 
bined. The elements are designated by abbreviations 
or symbols such as 0 for oxygen, H for hydrogen, S 
for sulphur, etc. 

. The atoms of an element have a definite weight . 
called the atomic weight. The atomic weights are 
based on oxygen as 16 in which case the atomic weight 
of hydrogen is 1.008. A list, of the elements en»- 
coxmtered in water and sewage analyses and their 
atomic weights is given in the Appendix page 189. 

Elements combine in definite proportions to' ' 
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form compounds* The make-up of a compound is indi- 
eated hy its formula which is a combination of the 
symbols of the elements. Thus, water is composed of 
two atoms of hydrogen and one atom of oxygen and its 
formula is H 20 « Sulphuric acid is composed of two 
atoms of hydrogen, one of sulphur and four of oxygen 
and its formula is H 2 SO 4 . The symbol for an element 
indicates also one atom and likewise the formula for 
a compound indicates one molecule. Thus 2H indicates 
two atoms of hydrogen and 2 H 2 SO 4 indicates two mole- 
cules of sulphuric acid. The molecular weight of a 
compound is equal to the sum of the atomic weights 
of the atoms in the molecule. Thus a molecule of wa- 
ter (H 2 O) has a molecular weight of (S X 1.008) 

+ 16.00 = 18.016. 

The combining power or ratio in which atoms of 
an element combine with atoms of other elements is 
called valence. The valence of hydrogen is one. The 
valence of the other elements is determined by an ex- 
amination of the formula of a compound in which the 
element occurs. Oxygen, for instance, has a valence 
of two since it occurs in water combined with two hy- 
drogen atoms (H 2 O) . Chlorine has a valence of one 
since it occurs in HCl combined with one hydrogen 
atom. 

Not all elements will combine to form compounds. 
For instance, hydrogen will combine with oxygen, chlo- 
rine and nitrogen, but will not combine with metals 
such as iron, calcium and sodium. The bond or force 
which holds elements together in compounds is elec- 
trical in nature and elements having like electrical 
tendencies will not combine. Thus, hydrogen and the 
metals are said to have positive electrical tenden- 
cies and chlorine, oxygen, etc., negative. The com- 
parative value of these electrical forces constitute 
the valence of the atoms. Hydrogen is said to have 
a positive valence of one, oxygen a negative valence 
of two, etc. The sum of the positive and negative 
valences in any compound must be equal. Thus, in 
H 2 SO 4 , the oxygen has a total negative valence of 
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eight and hydrogen positive two, leaving six positive 
for the sulphur. A few elements assume different 
valences under different conditions. Carbon may have 
positive valence of two or four in carbon monoxide 
(CO) and carbon dioxide (CO^) respectively. One ele- 
ment encountered in water and sewage analysis may- 
have either a positive or negative valence. For in- 
stance., N has a negative valence of three in NH 3 and 
a positive valence of four in NOg . 

The atomic and molecular weights are the basis 
.of all quantitative chemical reactions and are used 
in all quantitative calculations. A knowledge of 
them is necessary in order to understand the calcula- 
tions involved in the chemical determinations. For 
example, the formula for sulphuric acid is H 2 SO 4 . The 
molecular weight of H 2 SO 4 and percentage composition 
of the elements in this compound may be obtained, by 
referring to the atomic weights as follows: 


Hydrogen 2 atomic weights = 2 X 1.008 = 2.016 

Sulphur 1 atomic weight = 1 X 52.06 = 32.060 

Oxygen 4 atomic weights = 4 X 16.00 = 64.000 

Molecular weight = 98.078 

The per cent by weight of hydrogen is . X 100 

98.076 

= 2.04 and of sulphur is X 100 = 52.69 and uf 

98.076 

oxygen is ^ 100 = 65.56. 

'The chemical reaction and the relative weights 
of the reacting substances is shown by ?/riting an 
equation using the formulae and molecular weights as 
follows : 


HgS 04 4* 2 NaOH — NagS 04 2 HgO 
98.08 2 X 40.0 142.06 2 X 18.02 


This equation in- 


dicates that one molecule of sulphuric acid reacts 
with two molecules,, of sodium 'hydroxide to form or:c 
.molecule .of , sodiuiri , sulphate and 'two molecules of v;a- 
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written "below the formulae' Indicate the weight ra.- , , 
tios between the reacting substances. Thus 98.08 
grams (pounds^ tons or other weight units) of sul- 
phuric acid reacts with 80.0 grains of sodium hydrox- 
ide to form 142.06 grams of sodium sulphate and 56.04 
grams of water. These weight ratios may be used to 
solve problems similar to the one which follows. 

Example 

How much sodium hydroxide will react with 100 
lbs. of sulphuric acid? 

Solution 

Let A = the lbs. of sodium hydroxide 

A 80.00 

Then 98.08 

80.00 

A = 100 X q' ^ ~ ^q = 81.6 lbs. of sodim hydroxide. 

In all eases, knowing the equation for a given reac- 
tion, the weight ratios can he determined from the 
atomic weights of the elements and the formula of the 
compounds involved. Knowing the weight ratios, if 
the actual weight of any one compound entering into 
the reaction is known, the weights of all of the 
other compounds involved can he determined. A list 
of chemical formulae and equations encountered in wa- 
ter and sewage analysis is given in the Appendix 
pages 190 and 192. 

The Normal System 

^ ^ the more important determinations in wa- 
ter and sewage analysis are dependent upon the use 
of standard solutions. A standard solution is one 
which contains a known weight of the active substance 
dissolved in a definite volume of solution. Meth- 
ods involving the use of such solutions are known as 
volumetric procedures since the quantitative result 
is obtained by measurement of volumes. 

In the water and sewage laboratory, it is con- 
venient to. have solutions of certain definite 
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strengths for use in the different determinations •; 
Such, solutions simplify the calculation of results" 
which is a decided adyantage in routine analysis, 

They can best be prepared by diluting portions of 
stock solutions in such a manner as to give solutions 
of the desired strength. 

The strength of a ibtanaard solution is usually 
expressed in terms of the normal system. A normal 
solution is one which contains one gram-equivalent 
weight of the active substance in one liter of solu- 
tion. The gram-equivalent weight of a substance is 
the weight of that substance which is equivalent to 
one gram of hydrogen. 

There are two general types of chemical reac- 
tions encountered in the volumetric determinations 
used for water and sewage analysis;, (l) the simple 
neutralization or double-decomposition reactions^ 

( 2 ) the reactions involving oxidation and reduction. 

The former reactions involve a change in the 
position of the various atoms and groups making up 
the reacting substances. The following equations il- 
lustrate this type of reaction. 

HCl + NaOH = NaCl + HgO 
H2SO4 + 2 NaOH == Na2S04 + BEqO 

In a reaction of this type, the gram-equivalent 
weight of the compounds reacting is calculated by 
dividing the molecular weight of the compound by the 
number of replaceable hydrogen atoms or their equiva- 
lent in that compound. 

Molecular weight of a substance 

No. of replaceable hydrogen atoms or -their equivalent 

-gram-equivalent weight of the substance. 

Thus the gram-equivalent weight .of HCl is 55.5^ 
since the molecular weight (55.5) is divided by one^ 
because there is one replaceable hydrogen. The gram- 
equivalent .weight of H 2 SO 4 is one half its molecular 
weighty or 49, because there are two, replaceable 
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hydrogens. In NaOH one Na can be replaced by one H 
and is equivalent to one atom of hydrogen. There- 
forey the gram-equi valent weight of NaOH is 40 (mo- 
lecular weight divided by one). 

The second type of reaction^ oxidation-reduc- 
tiOHj is illustrated by the following equation: 

giain04 + 5H2C2O4 + 3H2SO4 = 2MnS04 + K2SO4 + 10 COg 
+ SHgO 

A study of the equation will show that there is more 
involved than a simple rearrangement of atoms and 
groups. Mn, for instance, has a positive valence of 
seven in WnO^y but only two in MnS04. The Mn has 
lost five positive valences (has been reduced) and 
the KMn04 has a change in valence of five. Likewise, 
each C atom in HgC204 has a valence of positive three 
and in COg a valence of positive four. The compound 
'H2C2O4 has, therefore, a change in positive valence 
of two (one for each of the two C atoms). 

The gram-equivalent weight of a compound enter- 
ing into an oxidation-reduction reaction is equal to 
its molecular weight divided by the change in valence 
■■■'of that, compound:. 

, molecular weight ' . ■' ^ 

Wliige ' - ' ln valence = gram-equivalent weight. 

The gram-equivalent weight of KMn 04 is 31.6 (158 di- 
vided by 5) and of 126304 is 45 (90 divided by 2 ). 

A number of reactions of these two types and the 
gram-equivalent weights of the compounds involved are 
given in the Appendix pages 190 and 192. 

The normality of a standard solution is the ra- 
tio of the weight in grams of the substance in one 
liter to the gram- equivalent weight. 

weight in grams per liter 
gram-equivalent weight “ normality (N) 

^ ^ ^ of equal normalities are equal in their 

reacting value, volume per volume. That is, a 
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volume of 0«1 N hydrochloric acid will react with the 
same volume of 0,1 N sodium hydroxide. 

The use of normalities simplifies the calcula- 
tions necessary in obtaining the results of a volu- 
metric analysis. For example, a sample' of a solution 
of iodine is titrated with 0.1 N sodium thiosulphate. 
Ten ml, of the thiosulphate 'are required to react 
with the iodine. It can then be assumed that the 
amount of iodine present was that which would be con- 
tained in 10 ml, of a 0,1 N iodine solution. The 
equivalent weight of iodine is 127.9. One liter of 
0.1 N iodine would contain 12.79 grams of iodine or 
10 ml. would contain 0.1279 grams. Thus, the sample 
used contained 0.1279 grams of iodine. 


Standard Solutions 

Stock solutions should always be made stronger 
than those to be used in the various determinations. 
Strong solutions usually keep better than weak ones. 
In preparing the standard solutions for use in the 
various tests, the stronger solution may be diluted 
to give the desired normality. The portion of a 
stock solution required to make one liter of a de-' 
sired normality may be calculated as follows: 

i = ml. of stock solution. 

normality of stock solution 

.Standard stock solutions of some chemicals may 
be made by direct Yi^eight since the chemical can be ' 
obtained in a pure state. An example is anhydrous, 
sodium carbonate. Others such as sulphuric acid and 
potassium permanganate must be standardized by ti- ' . 
tration against some pure ' chemical. 

' Stock standard acid solutions can be prepared by 
titrating against anhydrous' sodium carbonate. , ine 
be.st grade of C.P. anhydrous sodium carbo.nate must 
be usedn Methyl orange is used as an iridic.ato,r. 
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The reaction involved in this titration is rep- 
resented by the following equation: 

H2SO4 ■t’ Na 2 C 03 — NagS 04 "i" H2CO3 
98.08 106.10 141.16 62.02 

The method for calculating the normality of the 
acid solution from the results of the titration can 
best be illustrated by a typical problem. 

Example 

Weight of sodium carbonate used^ 0.2138 grams. 
Yolume of sulphuric acid solution required for 
the titration^ 37.1 ml. 


Solution 

Equivalent weight of H 2 SO 4 = = 49.04 

Equivalent weight of Na^COs = = 53.05 

2 


( 1 ) 

(2) 


0.2138 grams of HagCOs 


is equivalent to 


49.04 

53.05 


X 0.2138 = 0.1976 grams H 2 SO 4 . 

0.1976 grams H 28 O 4 was in 37.1 ml, of solution 

1000 = 5.3S6 grams H 2 SO 4 in 1 liter of 

57.1 

solution. 


( 5 ) ,§n .. § . § . § .., = 0.1086 the normality of the acid solution. 

49.04 

If the three steps above were placed in one equa- 
tion it would read as follows: 


49.04 X 0.2138 X 1000 ~ 0 1086 N 

53.05 X 37.1 X 49.04 

The general formula would, therefore, be: 


weight of Ma 2 C 03 X 1000 
ml. of H 2 SO 4 X 53.05 


= normality 


of acid solu- 


tion. 




CHEMISTRY MD DISCUSSION OF METHODb 


1 £ 5 . 


The same 'method is used in the standardization, 
of' hydrochloric acid» 

2HC1 + NasCOs = SNaCl + H^COs 

The same general formula given above may be used ■ in 
calculating the results. 

The stock standard solution of sodium hydroxide 
is usually prepared by titrating against a standard 
acid solution. 

H2SO4 + 2NaOH = Na2S04 4- 2H2O 
HCl + NaOH = NaCl + H^O 

The normality of the solution is calculated as 
illustrated in the following example using the sul- 
phuric acid, the strength of which was calculated 
above. 

Example 

Volume of NaOH used = 25 ml. 

Volume of H2SO4 used = 35.4 ml. 

Normality of H2SO4 used = 0.1086 

Solution 

( 1 ) 0.1086 N HgS 04 contains 0.1086 X 49,04 = 5.3S6 

grams H 2 SO 4 per liter or = 0.005326 grams 

1000 

per ml. 

(2) 33,4 X 0.005326 = 0.1779 grams H2SO4 used in the 
titration. 

(3) The equivalent weight of NaOH is 40.05 

' ' The equivalent weight of H2SO4 is 49.04 

0.1779 grams H 2 SO 4 is equivalent to X 0J.779 

49.04 

=.'0.1450' grams NaOH. 

(4') ■0.1450; grams NaOH in 25 ml. = d. 800 grams NaOH 
' 'per." liter . ; 

.^. 5.800 

(5) 4Q~^ = 0.1450 1 the normality of the NaOH. 
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Combining the above 5 steps: 

0.1086 X 49.04 X 55.4 X 40.05 X 1000 ^ ^ . 
1000 X 49.04 X 25 X 40.05 

The general formula derived above is: 


normality of acid X ml. of acid 
ml. of NaOH 


normality of 
MaOH. 


This is a general formula which is applicable to 
all titrations involving two solutions when using the 
normal. system. The formula may be restated as fol- 
lov/s: 

ml. of one solution X its normality = ml. of the 
other solution X its normality. 

Sodium hydroxide solution must be made up wuth 
carbon dioxide-free water because of the reaction of 
the NaOH vath the CO 2. 

NaOH + CO 2 = NaHCOs 

The solution also deteriorates if not kept free 
from carbon dioxide. 

Stock standard sodium thiosulphate may be pre- 
pared of sufficient accuracy for some determinations^ 
such as dissolved oxygen, by direct \¥eight of the un- 
weathered crystals. The equivalent ?v’eight of crys-r 
tallized sodium thiosulphate, Na2S203 * 5H2O, is 248.12. 
Therefore, 248.12 grams of the crystals are required 
for 1 liter of 1 N sodium thiosulphate. 

For a more accurate standardization or for re- 
standardization of a previously prepared solution, 
titration against a weighed amount of potassium 
biniodate (KIOg'HIOs) may be conveniently used. 

Tne reactions involved are as follows: 

llIOsnHIOs + 20 KI ■+ IIH2SO4 = HK2SO4 + I2H2O + I2I2 
24Na2S203 + I2I2 “ 12Na2S40Q + 24NaI 
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These two equations show that one molecule of potas- 
sium hiniodate is equivalent to 12 molecules of sodi- 
um thiosulphate. The equivalent ?;elght of hiniodate 

is its molecular weight divided by 12 or MS. = 32.50. 

12 

The 'general formula for calculating the normality of 
the thiosulphate from the weight of hiniodate and 
the titration results may be derived in the same man- 
ner as used for the acid' solution previously de- 
scribed. This general formula is: 

weight, of hiniodate used (grams) X IQQQ ^ normal! tv 
ml. of thiosulphate X 32.5 

of sodium thiosulphate. 

A standard solution of ammonium oxalate may be 
prepared by a direct v/eight of the pure crystals 
(NH 4 ) 2 C 204 •HgO. The equivalent v/eight is the molecu- 
lar weight divided by two or = 71.05. Solu- 

2 


tlons of ammonium oxalate are not stable and should 
be prepared fresh about every two weeks. 

Standard solutions of potassium permanganate are 
prepared by titration against ammonium oxalate solu- 
tions. The equations for the reactions are: 

(M 4 ) 8 C 204 + H2SO4 = H2C2O4 + (NH4)2S04 
2KM11O4 + 5H2C2O4 + 3H2SO4 = 2MnS04 + K2SO4 + 10 COb 
+ 8H2O 


This reaction has been discussed previously as an ox-' 
idatiori-reduction reaction. 

The . derivation of the formula for calculating;:, 
the normality of the permanganate solution from the, 
results of the titration is the same as that .used .for 
the standardization of sodium hydroxide previously 
discussed' ., except ^that the equivalent weights ,'. of' ,,po- 
,ta.ssium ' permanganate (31.60) and ammonium , oxalate . 
(62.G4) are used. The general formula is.: 


normality of oxalate X ml. of oxalate 
.ml,. ;, of. permanganate ■ 


= normality of 
permanganate . 
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Alkalinity and Acidity 

Alkalinity ^ 

There are three kinds of alkalinity^ hydroxide 
(OH)^ normal carbonate (CO3), bicarbonate (HCOs)^ 
Normal carbonate is also called mono-carbonate* In 
order to distinguish between the kinds of alkalinity 
present in a sample and to determine the quantities 
of each 5 a titration is made with a standard acid 
using two indicators successively. The indicators 
used are phenolphthaleln and methyl orange. Phenol- 
phthalein gives a pink color only in the presence of 
hydroxide or normal carbonate. Methyl orange is yel- 
low in the presence of any of the three types of al- 
kalinity. 

Normal carbonate alkalinity may be present with 
either hydroxide or bicarbonate alkalinity, but hy- 
droxide and bicarbonate cannot be present together in 
the same sample. If there is phenolphthalein alka- , 
linity in a sample it is due to the presence of either 
hydroxide or normal carbonate If there is 

methyl orange alkalinity present it is duo to any one 
of the three alkalinities, or hydroxide and normal 
carbonate together, or normal carbonate and bicar- 
bonate together. 

The following equations illustrate the reactions 
occurring when, each of the three types of alkalinity 
are titrated with an acid. 

(1) Hydroxide 

2IaOH + H2SO4 = Na2S04 ; 

+ SHgO 

(2) Normal carbonate 

2Na2G03 t H2BO4 — 2NaHC03 

+ Na 2 S 04 

BNaHCOa + H2SO4 = Na2S04 
4- gHaCOa 
(5) Bicarbonate 

SNaHGOa + H2SO4 = Na2S04 
+ \2H2CO3 
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P represents the alkalinity as shown by phenol- 
phthalein. 

T represents the total alkalinity or that shown 
by methyl orange. 

M = T - P or the additional alkalinity shown by 
methyl orange beyond that shown by phenolphthalein. 

There are five alkalinity conditions possible 
in a sample: (l) hydroxide alone, (2) hydroxide and 
normal carbonate, (s) normal carbonate alone, (4) nor- 
mal carbonate and bicarbonate, (5) bicarbonate alone. 
These five conditions may be distinguished and the 
quantities determined from the results of acid ti- 
trations by the following method; 

Condition (1) is fulfilled when P = T(M = zero), 
because P indicates either hydroxide or normal car- 
bonate, but normal carbonate would give a positive 
value for M since the phenolphthalein end-point oc- 
curs when one half of the normal carbonate reaction' 
is completed. If M = zero' there can be no normal 
carbonate present. 

Condition (2) is fulfilled when P is greater 
than 1/2 T, but less than T, or M is greater than 
zero. Since M is greater than zero there must be 
some normal carbonate alkalinity present. M meas- 
ures one half of the normal carbonate, therefore, the 
normal carbonate equals 2M = 2(T - P) . But the con- 
dition states that P is greater than 1/2 T or greater 
than 21, therefore, there must be some hydroxide al- 
kalinity present. The hydroxide alkalinity equals 
the total alkalinity minus the normal carbonate al- 
kalinity or T - 2(T - P) = 2P - T, 

Condition (s) is f-ulfilled when P = 1/2 T or 
(P = H) . Since M represents one half of the normal 
carbonate and P =, M then P must represent the other 
half and only normal carbonate can be present. Hormal 
carbonate = 2P = T. 

Condition (’4) is fulfilled when P is less than 
1/2 T (M is greater than P) . M can be greater than P 
only when bicarbonate is present in addition to nor- 
mal carbonate. This precludes hydroxide. The 
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alkalinity represented by P is due to one ' half of the 
normal carbonate,. Then 2 ? =, normal carbonate and the 
bicarbonate' = T - 

Condition (5) is fulfilled when P = zero. In 
this case there can be no hydroxide or normal car- 
bonate. The alkalinity is all bicarbonate = T. 

In the alkalinity determination the sample is 
titrated with 0,02 H sulphuric acid. P in the above 
discussion represents the ml. of acid used for the 
phenolphthalein titration and M the additional ml. of 
acid used for the methyl orange titration. T repre- 
sents the total ml. of acid used for the alkalinity 
(P + M) . 

If the results of the titration of a 100 ml. 
sample are substituted in the correct condition above 
and these results multiplied by 10, the values ob- 
tained will be in p.p.m. of the specific alkalinity 
in terms of CaCOs. (Alkalinities are usually ex- 
pressed in terms of CaCOa*) The factor 10 is used 
because one ml, of 0.02 N sulphuric acid is equal to 
one mg. of CaCOs, If a 100 ml. sample is used one 
ml. of acid would represent one mg. of CaCOs per 
100 ml. or 10 mg, per liter or 10 p.p.m. 

Problem, 

. IfJhy is one ml. of 0.02 N sulphuric acid equal to 
one mg. CaCOg? 

Solution ■ 

The equivalent weight of H2SO4 = 49.04 

The equivalent weight of CaCOs = 50.05 

(1) One liter of 0.02 N H2SO4 contains 49.04 
X 0,02 = 0.9808 grams of H2SO4 or one ml. contains 
0.0009808 gms. or 0.9808 mg. H2SO4. 

(2) One ml. of 0.02 N H2SO4 is then equivalent 

to ■ 

, 50r . 05 X 0.9808 = 1.00 mg. of CaCO, 

/ 49.04 

Hydrogen-ion concentration (pH) 

The pH determination is used in the control of 
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water and sewage treatment processes. In order to 
properly interpret the results of a pH determination 
it is essential to have a knowledge of the meaning of 
the term and an idea of the value of the readings in 
terms of acidity and alkalinity. pH is defined as 
the "logarithm (base lO) of the reciprocal of the hy- 
drogen-ion concentration.^’ The "concentration” of 
the hydrogen ion is expressed in molecular weights 
(mols) per liter. Since the molecular weight of the 
hydrogen ion is 1^ a solution containing 1 gram of 
hydrogen-ion per liter would have a concentration of 
1. The term "concentration of hydrogen-ion" is writ- 
ten thus [H"^], The brackets mean "concentration" and 
the means "Hydrogen-ion." 

Water (HgO) breaks down (dissociates) to a very 
slight extent into electrically charged particles 
called "ions", thus HOH = + OH’*, The H ion car- 

ries a positive charge and the OH a negative. There 
is an equilibrium established for any given condi- 
tion when the rate of dissociation of the HgO mole- 
cule into H”^ and OH*" is equal to the rate of associa- 
tion of and OH"* into the molecule HgO. This may 
be written thus. 


[H20]5?=^[H+] + [0H-] or 


[H+][OH~] ^ 

[HgO] 


This last equation means that at equilibrium the 
product of the concentration of H'*’ ion X OH” ion di- 
vided by the concentration of the undissociated HgO 
molecule is equal to a constant (K) . The value of 
[HgO] is so large in comparison to the dissociated 
ions that it can be given a constant value (w) , The 
equation then reads [H"‘’][0H’“] = Kw, 

^ been proven by experiment to be 


1 

100,000,000,000,000 


or 


^ 

1014 . 


One over a number with 


a positive exponent is equal to the number with the 
same negative exponent, hence Kw = 10’"^'^ , In pure 
water, then, [H"^] = 10 and [ OH”] =10"”’'. The 
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logarithum of = -7 hut in its use to indicate 
pH the negative sign is omitted^ therefore^ in pure 
water [H"^] = pH 7, Such a solution is neutral and 
has no excess of either or OH*", 

In any solution in order to maintain the equi- 
librium [H“^][0H'“] = 10"^'^, if the [H’^] is increased 
the [OH"*] must be decreased accordingly. For example 
if [H”^] is increased to 10'“'^ then [OH’"] must be de- 
creased to lO-^^o (10”“^ X 10"“^® = 10”^^). The pH in 
this case would be 4. An excess of is indicated 
by a pH below 7 and the solution is said to be acid. 
pH values above 7 indicate an excess of OH"' or an al- 
kaline condition. 

As the pH values extend further from pH 7 the 
acidity or alkalinity increases. The increase is not 
in direct proportion to the pH values but are loga- 
rithmic functions of those values. That is, a solu- 
tion with a pH of 5 is 10 times as acid as one with 
pH 6, and' one with pH 4 is 100 times as acid as one 
with a pH of 6. 

pH and titratable acidity are not the same ex- 
^ cept in cases where the acid or acid salts in the 
'Hs solution are completely ionized. In water and sewage 
' the compounds are present in such minute amounts that 
the pH and titratable acid are more nearly the same 
than in stronger solutions. There are many factors, 
however, affecting the ionization of compounds and 
hence the pH, but these can not be discussed here. 

For completely ionized solutions, the following 
comparison can be made between the normalities of 
•vacid solutions and pH. These values are based on the 
fact that in a completely ionized normal acid solu- 
tion there is one gram of hydrogen ion per liter. 


pH 

Normality of completely 
ionized acid 

3.0 

0.001 

4.0 

0.0001 

5.0 

0,00001 

6.0 

0.000001 
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Two general methods are available for the de- 
termination of pH, namely, the electrometric and col- 
orimetric. There are two types of electrometric ap- 
paratus, one using a hydrogen electrode, the other a 
quinhydrone electrode. Electrometric methods are 
convenient for use for solutions where color changes 
are difficult or impossible to determine. 

Colorimetric methods make use of the changes in 
color which certain dyes undergo under various 
changes in hydrogen-ion concentration. This change 
in color is not complete with a very small chahge in 
pH, but extends over a comparatively wide range of 
pH. Indicators have certain definite pH ranges for 
color change and the indicator selected should be 
governed by the pH of the sample tested. The accura- 
cy of the indicator is greatest near the center of 
its range and decreases as the limits are approached. 
The following are some indicators and the pH ranges 
covered by them. 


Indicator 
Chlorphenol red 
Bromthymol blue 
Phenol red 
Cresol red 
Thymol blue 


pH ralige 

5.2 to 6.8 

6.0 to 7.6 
6.8 to 8.4 

7.2 to 8.8 

8.0 to 9.6 


Coagulants and Coagulation 

Coagulants are used in nearly all water treat- 
ment plants and in some sewage treatment plants. They 
are used (l) to remove natural suspended and col- 
loidal material, (2) to remove chemicals which do 
not settle readily in chemical treatment processes, 
(3) to assist in filtration by forming mats on sand 
filters and (4) to assist in the vacuum filtration of 
sewage sludge,. 

A coagulant reacts with the natural alkalinity 
in solution in the liquid treated, or with other add- 
ed chemicals, to form an insoluble flocculant 


1 S 4 
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precipitate. The precipitate clarifies the liquid 
hyGoagulating, absorbing and entraining suspended 
and colloidal material and also may remove colors 
and gases in solution. A portion of the precipitate 
formed in water filtration plants is carried through 
the sedimentation basins to be deposited on the fil- 
ter beds where it further assists in the clarifica- 
tion of the water and removal of color ^ odor and 
taste producing compounds. 

The chemicals most commonly used as coagulants 
in water treatment are aluminum sulphate (alum), iron 
sulphate (copperas), iron chloride and sodium alumi- 
nate. Their use results in the formation of the hy- 
droxides or aluminates which are the effective co- 
agulating agents. In some waters containing magnesi- 
um use is made of the magnesium hydroxide formed as 
the effective coagulating agent. 

Alum is the coagulant most widely used. Alum 
reacts with the natural alkalinity of the water or, 
if the alkalinity is insufficient, with the added al- 
kalinity in the form of lime, Ca(0H)2, or soda ash, 
Na2C03, producing a precipitate which is usually con- 
sidered to be aluminum hydroxide. Ordinarily there 
is sufficient natural alkalinity present to react 
with the coagulant. Tne reactions follow: 

( 1 ) Alum and natural alkalinity. 

Al2(S04)3*18H20 + 3 Ca(HC 03)2 = gAl(0H)3 
+ 3 CaS 04 + I8H2O + 6CO2 

(2) Alum and added alkalinity. 

(a) Alum and lime 

Al2(S04)3-18H20 + 3Ca(0H)2 = 2A1(0H)3 
+ 3 CaS 04 + I8H2O 

(b) Alum and soda ash 

Al2(S04)3'‘18H20 + SNasCOs = 2A1(0H)3 
+ 3Na2S04 + 3CO2 + I5H2O 

The amount of alum or other chemicals cannot be 
exactly determined from the above equations as there 
are too many variables effecting the reactions .Actual 
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plant experience is necessary with each particular 
water » Generally the amomit of alum used is from 
0,5 to 5 grains per gallon although some waters re- 
quire less than 0,2 and others as high as 10 grains 
per gallon. The theoretical amounts of alkalinities^ 
as required hy the above equations, for each grain 
per gallon of alum used are: 

(1) Natural alkalinity 
(as CaCOs) 

(2) (a) Lime as CaO 

Lime as Ca(0H)2 
(b) Soda ash as Ia 2 C 03 

Ferrous sulphate, FeS 04 * 7 Hg 0 , requires the addi- 
tion of lime. The reaction follows: 

FeS04-7H20 + Ca(0H)2 = FeCOH)^ + CaS04 + 7 H 2 O 

The dissolved oxygen present in the water oxidizes 
the ferrous hydroxide, to ferric hydroxide as fol- 
lows : 

4Fe(0H)2 + O 2 + BHgO = 4Fe(0H) 

The ferric hydroxide is an insoluble effective co- 
agulant, The use of this iron and lime treatment 
process requires careful regulation of the proper 
amounts of each chemical. As with alum the exact 
amount of chemicals, lime and iron sulphate, required 
cannot be determined except by actual plant experi- 
ence. According to the above equation the theoreti- 
cal amount of lime, Ca ( oh) 2 , required for each grain 
per gallon of ferrous sulphate, FeS 04 * 7 H 20 , is 
0*2665 grains per gallon. Ferrous sulphate is used 
mainly in conjunction with sufficient lime to provide 
softening rather than with only enough lime for 
straight coagulation. 

Ferric chloride, FeGla, has recently been used 
at a number of plants* It reacts with (l) the 



0.4505 grains per gallon 
0.2524 ” ” ” 

0.3556 " ” " 

0.4773 ” ” ” 
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natural alkalinity present in water or (S) with added 
alkalinity as Ca(0H)g as follows s 

(1) 2 FeCl 3 +5Ca ( 1003)2 = 2 Fe( 0 H )3 + SCaClg t 6 CO 3 
■ t SCa(0H)2 = 2Fe(0H)3 + SCaClg 

The effective coagulant is the ferric hydroxide as 
is the case when ferrous sulphate is used. For each 
grain per gallon of ferric chloride, FeCla, used the 
theoretical amount of alkalinity required, according 
to ahoye equation, is: 

(!) Natural alkalinity, as CaCOa = 0.9255 grains 
per gallon 

(2) Added alkalinity, as Ca( 0 H )2 = 0.6852 grains 
per gallon 

Sodium aluminate, Na 2 Al 204 , has been successful- 
ly used as a coagulant at some water treatment plants. 
It reacts with calcium and magnesium salts in water 
to form the aluminate of the metals. Both calcium 
and magnesium aluminates are effective as coagulants. 
The reactions follow: 

Ca(HC03)2 “ CaAl 204 ]I5a2C03 "i” CO 2 

Mg(HC 03)2 -f Na 2 Al 204 = lgAl 204 + NagCOs + GOg + HgO 

CaS 04 Na 3 Al 204 — CaAl 204 Na 2 S 04 

MgS 04 + Ha 2 Al 204 = MgAl 204 + Na 2 S 04 

CaClg + Ja 2 Al 204 = CaAl 204 + 2NaCl 

MgClg + Ia 2 Al 204 = lgAl 204 + 2NaCl 

When both lime and sodium aluminate are added 
to water the following typical reactions take place: 

(1) Ca( 0 H )2 + HagAlgO^ == CaAl 204 + ENaOH 

( 2 ) Ca(HC 03)2 + 2IaOH - CaCOs + Me^OOz + SHgO 
(tS) CaS 04 t NagCOg — CaCOg t Na 2 S 04 

The aluminate of calcium in equation (1) is the ef- 
fective coagulant. Equations (2) and (3) may be con- 
sidered as softening; reactions incidental to and; ac- 
companying the use of lime and sodium aluminate for 
coagulation. If softening is desired it can be most 
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econosiically secured by adding lime^ Ga(0H)2^ and 
soda ask^ la^COs^ for the removal of the bicarbonates 
and sulphates respectively. 

The use of chemicals in sewage treatment was 
widely practiced before bio-aeration processes were 
understood. Recently there has been a renewal of in- 
terest in the use of chemicals for sewage treatment. 

Chemipals used in treatment of sewage are lime^ 
ferrous and ferric sulphates and ferric chloride . 

The reactions involved are the same as those already 
given for ?/ater treatment. Care must be used not to 
add too much lime, resulting in a caustic sewage and 
consequent solution of suspended organic matter. 


Water Hardness and Softening 
Hardness of water 

Hardness of water is caused principally by the 
elements calcium and magnesium and sometimes by iron 
and aluminum. Iron and aluminum are seldom present, 
in waters usable as water supplies, in sufficient 
amounts to have much significance in the hardness de- 
terminations although they are often present in suf- 
ficient quantity to cause other undesirable effects 
on the water supply. For this reason iron and alumi- 
num will not be further discussed in connection with 
hardness and it will be assumed that hardness is 
caused entirely by calcium and magnesium. 

Most of the calcium and magnesium is present in 
natural waters as bicarbonates, sulphates and some- 
times as chlorides and nitrates. Hardness producing 
substances react with soaps forming insoluble com- 
pounds before a lather is produced. They are thus a 
measure of the soap consuming power of a water. They 
will also deposit scale when heated in boilers and 
hot water heating systems. 

Temporary hardness is that removed by boiling. 
Permanent hardness is that remaining after boiling. 
Temporary hardness, is caused principally by the pres- 
ence of bicarbonates of calcium and. magnesium. 
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Permanent hardness is due mostly to calcium sulphate 
?/hich is precipitated at temperatures of above 300^F« 
Carbonate hardness is due to the presence of calcium 
and magnesium normal carbonates and bicarbonates. 
Non-carbonate hardness includes the calcium and mag- 
nesium sulphates, chlorides and nitrates. Sulphates 
are often the only non-carbonate hardness compounds 
present. Compounds causing permanent hardness are 
often termed "incrustants. ” 

Hardness is always expressed in terms of calcium 
carbonate (CaCOa) . Methods of analysis and calcula- 
tions used in the laboratory give results in terms 
of GaCOs. Alkalinity is also expressed in the same 
terms* Thus a report showing a water to have a hard- 
ness of 100 p.p.m. does not signify just what com- 
pounds cause the hardness but only that the hardness 
is equivalent to that produced by 100 p.p.m* of CaCOa* 

Total hardness is most accurately found by de- 
termining the amounts of calciiim and magnesium (and 
sometimes Iron and aluminum) by a gravimetric analy- 
sis and calculating their equivalent values in terms 
of calcium carbonate (CaCOa). An approximate de- 
termination of total hardness may be made with a soap 
solution of knoTO strength. Total hardness may also 
be obtained by the soda-reagent method. This method 
is to be preferred to the soap method. 

Carbonate hardness is found by calculation from 
the results of the normal carbonate and bicarbonate 
alkalinity determinations. If the normal carbonate 
and bicarbonate alkalinity, expressed in terms of 
CaCOs, is greater than the total hardness, normal 
carbonates or bicarbonates of sodium or potassium are 
present. These compounds do not cause hardness and, 
in this' case,, the carbonate hardness would be" equal'' 
to the total hardness. If the sum of the normal 
carbonate and bicarbonate alkalinities is^ equal to 
the total hardness, the carbonate hardness ' is also 
equal to the total hardness. If the sum of the nor- 
mal ; carbonate; and bicarbonate alkalinities/ is \le 
than the total hardness .this sum is equal to the ■ 
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carbonate hardness and the difference between this 
Siam and the total hardness is the non-carbonate hard- 
ness » 

The methods for the gravimetric determination of 
calcium and magnesium and equations involved in these 
determinations are given under "Mineral Analysis" 
page 16 to 18, In the calculations under the meth- 
ods for making these determinations the results are 
obtained in p«p.m. of the elements. In order to 
change these to terms of hardness it is necessary to 
convert them to their respective equivalents of 
GaCOs and add the results. The general formulas used 
for this purpose are obtained from a comparison of 
the equivalent Y/eights. 

Solution 

Equivalent weight of CaCOa = 50.05 
Equivalent weight of Ca = 20.04 
Equivalent weight of Mg = 12.16 

(1) p.p.m. Ca X = p.p.m. Ca as CaCOa 

20.04 ^ 

(2) p.p.m. Mg X = p.p.m. Ig as CaCOg 

12.16 

(S) p.p.m. Ca as CaCOa + p.p.m. Mg as CaCOa = total 
hardness as CaCOa. 

The so.ap test is a rapid method for the determi- 
nation of total hardness. The results obtained are 
only approximate. The end-point Is difficult to ob- 
tain and is often unsatisfactory. Its advantage is 
in its rapidity and as a comparison with the results 
obtained by other methods. 

Total hardness by the soda-reagent method is 
also a rapid method for the determination of total 
hardness. Sulphuric acid is first added to decompose 
the normal carbonates and bicarbdnates. The sample 
is boiled to remove carbon dioxide. The addition of 
the soda-reagent, a mixture of sodium hydroxide and 
sodium carbonate, precipitates the calcium and mag- 
nesitim. The sodium hydroxide precipitates the 
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magnesiimi as magmesim hydroxide and sodium carbonate 
precipitates the. calcium as calcium carbonate. 'These 
precipitates are filtered off and .the filtrate ti- 
trated with 0.02 I stilphnric acid. A distilled, water 
sample is treated in the same manner. The difference 
between the acid used for the sample and that used 
for the distilled water represents the hardness of 
the sample. The reactions are as follows; 

Addition of acid to remoYe the carbonate hardnessi 

CaC 03 "i" H 2 SO 4 — CaS 04 H 2 CO 3 
Ca(HG03)2 + H2SO4 = CaS 04 + 2H2CO3 
MgCOs + H2SO4 = MgS 04 + H2CO3 
Mg(HC 03}2 ~ MgS 04 2 H 2 CO 3 

Precipitation of calcium and magnesium with soda re- 
agent; 

CaS 04 Na 2 G 03 — CaC 03 + Ia 2 S 04 
lgS 04 + SlaOH = Mg(0H)2 + Na 2 S 04 

Titrating the excess soda reagent with sulphuric 
...acid; 

2IaOH + lagCOs + 2 H 2 SO 4 = 2 Ia 2 S 04 + H 2 CO 3 + SHgO 

The solubility of the CaCOs formed after addi- 
tion of the soda-reagent introduces a slight error. 
This compound is soluble to the extent of about 15 
p.p.m. at ordinary temperatures. The soluble calcium 
carbonate will pass through the filter paper and re- 
act with the acid during the titration giving? a low 
result. For this reason the gravimetric method of 
determining calcium and magnesium hardness is more 
accurate. However, the results obtained by the soda- 
reagent method are sufficiently accurate for the . or-': 
dinary. water treatment, plant- control. 

: Water its hardness from contact .', with 

,' mineral' bearing materials: in the earth *s surface'. , 
Rainfall, after , reaching the earth, .takes up carbon... 
dioxide. : and; organic acids- from the soil.„:and : ■ loses' - 
.some..:Or all of its dissolved oxy,gen. ■ ,himestone' , 'is' - 
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dissolired "by water containing carbon dioxide ^ result- 
ing in the formation of calcium bicarbonate^ a solu-- 
ble compound. 

CaCOs H 2 O + CO 2 “ Ca{HC03)2 

The sulphates and chlorides of calcium and mag- 
nesium are comparatively soluble and the sulphates 
in particular are found in appreciable quantities in 
many water supplies. 

later Softening 

Water having less than 50-75 p.p.m. of hardness 
is generally considered as sufficiently soft for the 
ordinary uses of a public water supply. Water hav- 
ing 75-150 p.p.m. of hardness may be considered as 
moderately hard but still is not sufficiently hard to 
seriously interfere with its use for most purposes 
or to cause much public demand for water softening. 
Hardness above 150 p-p.m. is noticed by most persons 
and if the hardness is above 200 p.p.m. many homes 
will be provided with household softeners or cis- 
terns. 

Water for municipal purposes is most commonly 
softened by the lime-soda process. Lime, as Ca(0H)2, 
is used to remove the magnesium and the carbonate 
hardness. The lime is purchased either in the hy- 
drate form, Ca(0H)2> or as the oxide, CaO, in which 
latter case it is slaked at the plant site to produce 
the hydrate. Soda ash is used to remove the non- 
carbonate hardness. 

The equations expressing the reactions occurring 
when lime is added to remove the calcium and magnesi- 
um bicarbonates are as follows; 

(1) Ca(HC 03)2 + Ga(0H)2 - BCaCOg + BE^O 

(2) IgCHCOsL + Ca(0H)2 = MgCOs + CaCOs + 2 H 2 O 

(5) IgCOa + Ca(0H)2 = Mg (OH ) 2 + CaGOs 

The first equation shows the reaction of calcium (as 
calcium bicarbonate) with lime resulting in 
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precipitation of the normal carbonate (CaCOs) « The 
remoTal is not complete because CaCOs is soluble to 
the extent of about 15 p.p*m. The second and third 
equations show the removal of magnesium by precipi- 
tating as magnesium hydroxide. If insufficient lime 
is added^ MgCOsj, a soluble compound, vfill be formed 
as shown in equation (2)'. The use of sufficient lime 
results in the formation of lg( 0 H) 2 ^ an insoluble 
compound, as shown in equation (S) . It will be no- 
ticed that twice as much lime is required for the re- 
moval of magnesium bicarbonate as for calcium bicar- 
bonate hardness. 

Lime aiso reacts with any free carbon dioxide 
present as follows: 

(4) COs + Ca(0H)2. = CaCOa + HgO 

The removal of calcium non-carbonate hardness 
requires the addition of soda ash (NagCOa) and the 
removal of magnesium non-carbonate hardness requires 
the addition of both lime and soda ash. The follow- 
ing equations show the reactions involved: 

(5) CaS04 + Na^COa = CaCOs + Na2S04 

(6) MgS 04 + Ca(0H)2 = Mg(0H)2 + CaS04 
CaS 04 + Na 2 C 03 = CaCOa + Na 2 S 04 

(7) CaClg t NagCOa = GaCOa + 2NaCl 

(8) IgCla + Ca( 0 H )2 = Mg (OH ) 2 + GaClg 
CaCla t NaaCOa — CaGOa 2NaCl 

In order to determine the amount of chemicals 
required in the lime and soda ash process of water 
softening it is necessary to make certain chemical 
tests* Methods of performing these tests are given 
elsewhere in this book. The tests needed are 
(1) free carbon dioxide ( 002)5 (2) alkalinity! 

(sy non-carbonate (incrustant) hardness; (4) magnesi- 
um. ' 

From the equations previously given the theo- 
/retical, amounts; of lime .and -soda ash have 'been ..cal- 
..culated' and, are., given below for use with the results . 
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of these tests . Actual amounts of chemicals can only 
he determined hy plant operation. Bottle experi- 
ments^^ paralleling the plant conditions, are useful 
in determining the amounts of chemicals needed. 

The total lime required is ■ equivalent to the 
sum of the carbon dioxide, bicarbonate alkalinity 
and magnesium content. The theoretical amount of 
lime (as CaO) required for free COg iss 

P.p.m, free COg X 0.01062 - lbs. CaO required 
per 1000 gallons of water. 

P.p.m. free COg X 0.0745 = grains CaO required 
per gallon of water. 

Lime (CaO) required for bicarbonate alkalinity 
(as CaCOg) is; 

P.p.m. bicarbonate alkalinity X 0.00467 = lbs. 

CaO required per 1000 gallons of water . 

P.p.m. bicarbonate alkalinity X 0.0327 = grains 
CaO required per gallon of water. 

The bicarbonate alkalinity (as CaCOg) may be ex- 
pressed as half -bound COg by multiplying it by 0.44. 
This value of COg may then be added to the free COg 
and the amount of lime required for both COg and bi- 
carbonate alkalinity per 1000 gallons of water ob- 
tained by multiplying the svm by 0.01062. 

Additional lime (CaO) required for magnesitm 
(as Mg) iss 

P.p.m. Mg X 0.01922 = lbs. CaO required per 1000 
gallons of water. 

P.p.m. Mg X 0.1345 = grains CaO required per 
gallon of water. 

Since commercial quicklime is not pure CaO the 
amount of lime (CaO) required by above calculations 
should be multiplied by 

,, 100 

per cent CaO in the quicklime used 

If calcium hydrate, Ca(0H)g, is used instead of quick- 
lime, CaO, the amount of commercial calcium hydrate 
would be obtained from the above calculations by 
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multiplying % lime hydrate use^^ 

High calcium quicklime averages about 90 per cent 
CaO and the hydrate about 65 per cent CaO« Factors 
to use to obtain the theoretical amounts of pure CaO 
or Ca(0H)2 are summarized in the table below. They 

should be multiplied by to obtain the 

per cent purity 


amount of commercial chemical required. 


Item 

Determined 
in p.p.m. 

i 

Factors to multiply values in first 
column by to obtain required amoimts 
of pure 

Hydrate of lime, 
Ca(0H)8 ' 

Quicklime, CaO 

Lbs. per 
1000 gal. 

Grains 
per gal. 


Grains 
per gal. 



0.09821 

0.01062 

0.0743 

Bicarbonate 





alkalinity 





as CaCOs 

0.006169 

0.04318 

0.00467 

0.0327 

Mg (as Mg) 

0.02539 

0.1777 

0.01922 

0.1345 


Soda ash, lagCOa, required to remove the non- 
carbonate hardness (as CaCOs) is: 

P.p.m. non-carbonate hardness X 0.0089 = lbs. 

HagOOs required per 1000 gallons of water, 
P.p.m-. non-^carbonate hardness X ' 0.0623 '= grains 
of lagGOa required per gallon of water. 

Illustrative, -problem-' ■■ 

A water shows the following characteristics. De- 
termine the amounts of lime and, soda ash theoretical- 
ly "required: to' remove all the hardness. . ,, 
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Free carbon dioxide (COg) = 30 p.p.m. (as COg) 
Alkalinity 

with phenolphthalein = 0 p.p.m. (as CaCOg) 

with methyl orange = 270 p.p.m. (as CaCOg) 

Magnesium =40 p.p.m. (as Mg) 

Ion-carbonate hardness = 60 p.p.m. (as CaCOg) 

Calculations. (Using factors from above table.) 

Free COg 

30 X 0.01062 = 0.32 lbs. of CaO per 1000 gal- 
lons of water. 

Alkalinity 

270 X 0.00467 = 1.26 lbs. of CaO per 1000 gal- 
lons of water. 

Magnesium 

40 X 0.01922 = 0.77 lbs. of CaO per 1000 gal- 
lons of water 

Total = 2.35 lbs. 

If quicklime were used, containing 90 per cent 
water soluble CaO, the amount of quicklime required 
would be: 

= 2.61 lbs. per 1000 gallons of water. 

0.90 

If lime hydrate were used, containing 65 per 
cent CaO, the amount of hydrate required would be 

= 3,62 lbs. per 1000 gallons of water. 

0.65 • 

Ion-carbonate hardness removal would require the 
following amount of soda-ash. 

60 X 0.0089 =0.356 lbs. of lagCOg per 1000 gal- 
lons of water . If the soda ash were 97 per cent 
pure lagCOg, the amount of soda ash required would 

= 0.367 lbs. of soda ash per 1000 gallons 

of water. 

If alum was also used (to remove raw water tur- 
bidity or to assist in settling of precipitates or 
to assist in filtration) additional amounts of lime 
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and soda ash would be needed as shown in the follow- 
ing equations: 

(1) Al 2 (S 04 ) 3 * 18 H 20 + 5 Ca( 0 H )3 = gAl( 0 H )3 + 3 CaS 04 
+ ISHbO 

(2) 3 CaS 04 + SNagCOg = SCaCOg + 3 Na 2 S 04 

The amount of lime as Ca(OH)g and soda ash, NasCOg, 
required, as calculated from the above equations are: 

Lime, Ca( 0 H )2 = 0.3335 for each part of alum, 
A1s(S04)3*18H20 

Soda ash, NagCOg'^ 0.4776 for each part of alum, 
Al2(S04)3'18H20. 


Mineral Analysis Methods 

Magnesium^ volujiietric method 

The volumetric determination of magnesium con- 
sists of adding equal volumes of limewater to dis- 
tilled water and the sample respectively « The mag- 

nesium in the sample is precipitated as the insoluble 
hydroxide and filtered. 

MgS 04 + Ga(0H)g - Mg( 0 H )2 + CaS 04 

The amount of lime required to precipitate the mag- 
nesium in the sample is determined hy titration of 
the distilled water and the filtered sample with 0.02 
N sulphuric acid. 

Ca(0H)2 “i- H2SO4 = CaS 04 + BHsO 

The difference between the ml. of acid required for 
the distilled water and the ml. required for' the sam- 
ple is used to calculate the amount of lime used in 
removing the magnesium. This difference X 9.7S gives 
the p.p.m.' magnesium. The factor 9.72 is obtained 
as follows: 

-■ Equivalent weight of H 2 SO 4 == 49'.04 ' 

■ .Equivalent weight of Mg - 12.16^^ ■ 
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(1) One ml. of 0.02 I H2SO4 contains 49.04 

1000 

=0« 0009808 grams or 0.9808 mg. of H2SO4 . 

(2) 0.9808 mg. H2SO4 is equivalent to X 0.9808 

49.04 

= 0.0243 mg. of Mg. 

(3) In the instructions for the determination of mag*- 
nesium 25 ml. of the sample was used. (100 ml. 
diluted to 200 and 50 ml. of the diluted sample 

used.) Then — — = 9.72 mg. of Mg per 

liter or 9.72 p.p.m. per ml. of 0.02 N acid used. 


Iron and alinninum oxides 

Iron and aluminum are precipitated as the hy- 
drated oxides by ammonium hydroxide. Bromine water 
is added prior to the precipitation to insure the 
oxidation of the iron to the ferric state. The pre- 
cipitation is carried out in the presence of suffi- 
cient ammonium chloride to prevent the formation of 
magnesim hydroxide. The combined precipitates of 
iron and aluminum hydrate oxides are filtered and ig- 
nited forming the oxides, FegOa and AI2O3 which are 
weighed in that form. 

Calcium, gravimetric method 

Calcium is precipitated from the water sample 
by the addition of ammonium oxalate after silica and 
iron and aluminum have been removed, 

Ca(0H)2 + (114)20204 = CaC204 + 2m40H 

The calcium oxalate precipitate after , filtering 'may 
be either ignited and weighed as the oxide (CaO) 

CaC204 = CaO + CO2 + CO 

or may be titrated with potassium permanganate. 
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CQ.C3O4 H2SO4 •“ H2C2O4 C8lS04 
gKMn04 + 5H2C2O4 + 5H2SO4 = 2MnS04 
+ K2SO4 + 10 CO2 + 8H2O 

In the first case the weight of calcium in the 
sample is calculated from the weight of the CaO hy 
using the equivalent weights thus: 

The equivalent weight of Ca is 20,04 and of CaO 

is 28.04. The weight of Ca in CaO is — X weight 

28.04 

of CaO. 

In the second case the potassium permanganate is 
made of such a strength that, when a 250 ml. sample 
is used, the ml. of permanganate X 10 = p.p.m. calci- 
um. Each ml. of permanganate, therefore, must he 
equivalent to 2.5 mg. of calcim. The weight of per- 
manganate necessary to prepare one liter of such a 
solution is calculated by the use of the equivalent 
weights. 

Solution 

Equivalent weight of KMn 04 = 31-60 
Equivalent weight of Ca = 20.04 

X 2.5 = 3.94 mg. of KMn 04 per ml. required 

20.04 

=3.94 grams per liter. 

The normality of such a solution is calculated thus: 

= 0.1246 U. 

31.6 

Magnesium, gravimetric method 

Silica, iron and aluminum, and calcium must he 
removed from the sample before magnesium is deter- 
mined. The magnesium is precipitated as magnesium 
ammonium phosphate, (HglIH 4 P 04 ). 

MgClg + HH4OH + SaaHi >04 = MgIIH4P04 + 2NaCl + HgO 

This precipitate is filtered and ignited to magnesium 
pyrophosphate, (HggPaO?) in which form it is weighed. 
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2MgNH4P04 = MggPaOy + 2NH3 + HgO 

In order to calculate the magnesium in the pyrophos- 
phate the equivalent weights are again used. 

Solution 

Equivalent weight of Mg2P307 =55.67 

Equivalent weight of Mg =12.16 

(1) The weight of MgaPsO^ X H - ’ll = grams of Mg in 
sample. 

(2) To convert this weight to p.p.m. 

Grams X 1000 = mg. per sample. If a 250 ml. 
sample is used, Mg X 4 = mg. per liter or p.p.m. 

Combining the above steps, the general formula 
is obtained: 

Weight of Mg2P307 (grams) X 873.6 = p.p.m. Mg. 

Sulphate, gravimetric method 

Sulphates are determined by precipitating with 
barium chloride and filtering. Igniting and weighing 
the precipitate, barium sulphate. 

CaS04 + BaClg = BaS04 + CaClg 

To calculate the weight of sulphate in' the bari- 
um sulphate precipitate, the equivalent weights are 
used. 

Solution 

Equivalent weight of BaS04 = 116.71 
Equivalent weight of SO4 =48.03 

4:8 OS 

(1) Weight of BaS04 (grams) X ■— = grams of SO4 
in sample. 

(2) To convert this weight to p.p.m. Grams X 1000 
= mg. per sample. If a 250 ml. sample is used, 
the mg. per sample X 4 = mg. per liter or p.p.m. 

Combining the above steps gives a general formu- 
la, Weight of BaB04 (grams) X 1646.1 = p.p.m. SO4. 
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Sodiiam and potassim^ gravimetric method 
^ Sodium and potassium are converted into their 
chlorides and weighed as such. These chlorides ^ are 
very soluble and in order to obtain them free from 
other compounds, all of the other metals and negative 
radicals must be removed from the sample. When this 
yls accomplished the residue of the sodium and potas- 
slxm chlorides, after the evaporation of the water, 
is weighed and the results expressed in terms of so- 
dium. ' 

In order to convert the weight of sodium and po- 
; tassium chloride to sodium it is necessary to assume 

that the entire weight is sodium chloride and use the 
equivalent weights as follows. 

Solution 

; Equivalent weight of NaCl = 58.46 

j Equivalent weight of Ka = S5.00 

(1) Weight of NaCl (grams) X ||^ = grams Na in sam- 
! pie. 

I (S) Grams Na in sample X 1000 = mg. per sample. 

(S) If 250 ml. sample is used, mg. per sample X 4 
'■ * = mg. per liter or p.p.m. 

• .. Comhining the above steps the general formula 
is obtained. 

Grams NaCl X 1575.6 = p.p.m. Na. 

} Potassium 

In order to distinguish between sodium and po- 
tassium in a sample, the potassium is precipitated 
from the combined chlorides with platinic chloride. 

2KC1 + H 2 SO 4 = K 2 SO 4 + 2HC1 
KgS04 + HgPtCle = KsPtCle + H2SO4 

The potassium chloroplatinate precipitate (KgPtClg) 
is filtered. Ignited and weighed. In order to ob- 
tain the weight of potassium chloride from the weight 
of the precipitate the equivalent weights are used. 
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Solution 

Equivalent weight of K 2 PtCl 5 = 243.10 

Equivalent weight of KCl = 74.56 

Equivalent weight of K = 39.10 

?/eight of KsPtCle (grams) grains KCl 

in sample. 

39 10 

Grams KCl in sample X = grams' K in sample. 

Chloride^ volumetric method 

In this procedure the chloride of the sample is 
determined by titration with a standard silver ni- 
trate solution in the presence of potassium chromate 
indicator. The chloride is precipitated as silver 
chloride (a white precipitate) . 

NaCl + Agio 3 = AgCl + NaNOa 

The end-point of the titration is reached when a brown 
precipitate of silver chromate first appears due to 
the reaction of a slight excess of silver nitrate 
with the potassium chromate. 

K2Cr04 + 2AgN03 = Ag2Cr04 + 2KNO3 

A correction of 0.2 ml. is made for the excess silver 
nitrate required to produce a noticeable amount of 
brown precipitate. Hydrogen sulphide interferes v/ith 
the reaction precipitating black silver sulphide. 

HgS + BAgNOg = AggS + 2 HNO 3 

. Silica ; 

Silica occurs in water in the form of very fine- 
ly divided clay particles and of silicates in col- 
loidal solution. These compounds upon being acidi- 
fied produce the silicic acids. 

NagSiOs + 2HC1 = HsSiOs + 
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Tlie adds, upon drying and ignition. are dehydrated .' 
producing; silica* ., 

H2S1O3 — SiOg 'i' HgO 
Total and residual iron 

Iron may he present in two forms^ namely the re- 
duced form .(ferrous) and the fully oxidized form 
(ferric).,' Ferric iron is seldom found in true solu- . 
tion in natural waters, unless they are'highly acid, 
because of the formation of insoluble ferric oxide 
hydrates. -These hydrates occur in colloidal solution 
in many cases. 

Ferrous salts are more likely to be found in 
true solution although they are easily oxidized to 
the ferric state and precipitated in alkaline waters 
as the hydrated oxides. Ferrous iron has a positive 
valence of two while ferric has three. 

Ferric iron is determined by producing a red 
colored iron compound, ferric thiocyanate by the ad- 
dition of potassium thiocyanate. 

FeCla + SKCNS = Fe(CNS)s + SKCl 

The red color produced is compared with color stand- 
ards. 

Ferrous iron is also determined colorimetrically 
by producing a blue compound, know as Turnbull ^ s' ■ 
blue, by the addition of potassium ferricyanate. 

SFeCls + 2K3Fe(CN)6 = Peg [Fe(CN) 6]2 + 6KC1 

The quantity of ferrous iron is determined hy com- 
parison with the color produced by known amounts of 
ferrous compounds treated in a similar manner. 

Both of the standard iron solutions are prepared 
from ferrous ammonium sulphate crystals, 


FeS04(NH4)2S04-6H20. 
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The.weigiit of this compound necessary to prepare .a, 
'solution containing 0,1 mg. of iron per ml. is cal- ,, 
culated as follows s 

Solution 

.Equivalent weight of ferrous ammoniuia sulphate ' 
crystals = 196.0? 

Equivalent weight of ferrous iron = 27.92 
(l) 0«l,mg« per ml. = 0.1 gm, per liter 

(g) 0«1 X ■ = 0.7025 gms. ferrous ammoniuia sul-: 

27.92 

phate crystals per liter. 

Manganese^ colorimetric 

Manganese is determined by oxidation of the man- 
ganous compounds to permanganate and a comparison of 
the color produced with standard manganous sulphate 
solutions treated in a similar manner. 

2MnB04 + 5(1114)25208 + SHgO + 10 HNO3 = 2HMn04 
+ I2H2SO4 + 10 MH4NO3. 

The standard manganous sulphate solution is prepared 
by reducing, with oxalic acid, the necessary amount 
of potassium permanganate to make 1 liter of solution 
so that 1 ml. = 0.1 mg. In. The amount of permanga- 
nate necessary is determined as follows. 

Solution,, 

Molecular weight of KMn 04 = 158.05 
Atomic weight of In = 54.95 

(1) 0.1 mg. per ml. = 0.1 gm. per liter. 

(2) 0.1 X 0.2877 gm. KMn04. 

Residual alum, colorimetric method ■ 

The logwood test, for the presence of, ' residual 
alum in filtered water has been, used as a qualitative 
test for many years. The alizarin red S test given 
in this manual has many advantages over the logwood 


154 ^ 


CHEMICAL MALISIS OF WATER AID SEWAGE 


test^ one being its adaption as a quantitative pro- 
cedure. 

The test makes use of the- formation of a colored 
compound by the reaction of aluminum with the dye. 
This color is compared with that of a standard alum 
solution treated in the same manner. The stock alum 
solution is prepared by dissolving an approximate 
amount of aluminum sulphate crystals^ Al2(S04)3*18H20^ 
in water and standardizing by a gravimetric analysis 
for aluminum. The method used is similar , to that 
used for the iron and aluminum oxides determination. ■ 
This stock solution is then diluted so that 1 mil 
= 0.01 mg. AI2O3 . 


Chlorine Determination- 

Chlorination of water and sewage 'for steriliza- 
tion and of sewage for odor control and reduction of' 
biochemical oxygen demand is being practiced in many 
treatment plants. To be effective for sterilization^ 
sufficient chlorine must be added to satisfy the 
chlorine demand and to leave residual chlorine after 
a contact period. 

There are a number of methods used for the 
chlorine demand determination. The one given in this 
manual is simple and sufficiently accurate for the 
majority of purposes. .. If depends upon the liberation 
of iodine from potassium, iodide by free chlorine. 

. 2K1 + CI 2 = I 2 ' + 2KC1 

The presence of the iodine is shown by the formation 
of a blue' Starch-iodide compound. 

Residual: chlorine by the, o-.tolidine' ■method is 
subject to interference by nitrites and., iron, .causing 
high results or ■ even indicating a chlorine contenf 
where none is ' present. 'The test/ however^ is in gen-' 
eral use .and' if, the procedure given,, in this manual '.is 
carefully followed^ will give- satisfactory :results.: ■ 
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Nitrogen Determinations 

. Organic nitrogen 

The organic nitrogen determination is a measure 
of the nitrogen in the form of proteins or intermedi- 
ate decomposition products. The ammonia nitrogen is 
first removed by boiling from a slightly alkaline so- 
lution. Ammonia can be volatilized from an alkaline 
medium^ but not from a strong acid. 

. After the removal of ammonia, concentrated sul- 
phuric acid is added and the water distilled off.. 

The heating is continued until the organic compounds 
have been completely decomposed by the hot acid, at 
which time the nitrogen will have been entirely con- 
verted to ammonium sulphate, (NH4)2S04. The ammonia 
is liberated by making the solution alkaline with 
sodium hydroxide. 

(NH4)2S04 + SNaOH = Na2S04 + 2NH3 + 2H3O 

The solution is then distilled and the distillate 
containing the ammonia collected and analyzed for 
ammonia nitrogen. 

Ammonia nitrogen 

The ammonia nitrogen determination depends upon 
a comparison of colors produced when the sample and 
standards are treated with Nessler’s reagent. Mes- 
sier *s reagent (2KI‘»Hgl2) reacts with the ammonia in 
alkaline solution giving a yellow colored compound. 

SCSKI^Hgls) + NH3 + 2 K 0 H = NHsHgOHHgl + TKl + EEgO 

In order to free the solution from interfering 
substances it must be either clarified by coagulation 
with copper sulphate, CUSO4 + SlaOH - Cu(OH) 2 +^2804 
or by distillation.' 

Nitrite nitrogen ' 

The nitrite determination is made by comparing 
colors produced by treating the sample and standards 
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with sulphanille acid and alpha-naphthylamine hydro- 
chloride. The resulting red color is due to the pro- 
duction of azotenzol-naphthylamine sulphonic acid. 
The reactions are represented by the following equa- 
tions: 

CI-NhN 


+ NaNOg + SHCl = 


+ NaCl + SHgO 


SC3H 


SO3H 


Sulphanilic acid 


Cl-HHN -N=N' 



Alpha-naphthylamine colored compound 
Nitrate nitrogen 

The nitrates are the final oxidation products of 
the organic nitrogen compounds. They may he deter- 
mined in two ways: (l) By reducing them to ammonia 
with nacent hydrogen. The reduction takes place in 
a hydrochloric acid solution which immediately con- 
verts the ammonia to ammonium chloride. 

NaNOa + 8H + gHCI = NH4CI + NaCl + 

The ammonia is then determined by the ammonia nitro- 
gen method and converted to terms of nitrate nitro- 
gen. (2) By the disulphonic acid method. Disul- 
phonic acid is prepared by treating phenol with sul- 
phuric acid. 

CeHsOH + 2HgS04 = C6H3(0H)(S03H)g + 2 HgO 
When nitrates are treated with disulphonic acid and 
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the resulting solution made alkaline with sodium' hy- 
droxide a yellow compound is produced^ The , compound 
is the sodium salt of picric- acid formed by. the .ni- 
tration, of .the phenol* 

CaH3(0H)(S03H)3 + SHNOg = CaHs (OH) (KOg ) 3 + gHgB04 
+ HgO 

The color produced by this compound in the sample is 
compared with potassium nitrate standards treated in 
a similar manner. 

Oxygen Determinations 

Oxygen consumed 

The oxygen consumed determination is a measure 
of the amount of oxygen required to oxidize unstable 
materials in a sample by means of potassium perman- 
ganate in an acid solution. This test has been large- 
ly replaced by the hiochemical oxygen demand deter- 
mination since it does not give results which are 
comparable to those obtained from biological oxida- 
tion processes which occur in nature. The test has 
one advantage in that the results can be obtained in 
less than one hour while the biochemical test re- 
quires, at least, five days. Due to the fact that 
potassium permanganate is selective in its reaction 
and attacks the carbonaceous and not the nitrogenous 
matter the results will be lower than those obtained 
by the biochemical oxygen demand method. 

Two standard solutions are required, potassium 
permanganate and ammonium oxalate. The preparation 
of stock standard solutions from which these stand- 
ards can be prepared by dilution is.discussed in Sec- 
tion II, pages 94 and 95. The standard solutions are 
prepared in such a manner that 1 ml. = 0.1 mg. of 
oxygen, (l liter =0.1 gram.) The normality of the 
solution to fulfill this condition may be determined 
as follows: 
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Normali tv = gleams oxygen per liter ^ 0^ 

\ equivalent weight of oxygen 8,0 

= 0.0125 N. 

The stock standard solutions may he diluted to this 
normality using the quantity of stock solution as de- 


termined by the formula 


1000 X 0.0125 

normality of stock solution 


= ml. of stock solution required per 1 liter of 
0.0125 N standard solution. ^ 

The 0.0125 N standard ammonium oxalate solution 
may also be prepared by direct ?/eight according to 
the directions in Section II, page 106. The weight 
of ammonium oxalate, (NH 4 ) 2 C 2 O 4 •H 2 O, required to 
make one liter of a solution, one ml. of which is 
equal to one mg. oxygen, may be calculated as follows; 

Equivalent weight of crystalline ammonium oxa- 
late =71.05. 

A 0,0125 N solution of ammonium oxalate will 
contain 71.05 X 0.0125 = 0.8881 grams crystalline am- 
monium oxalate per liter. 

Dissolved oxygen, Winkler method 

The Winkler method may be used for the determi- 
nation of dissolved oxygen in the majority of cases 
encountered in the water and sewage plant laboratory. 
In some cases errors may be introduced by the pres- 
ence of nitrites, iron salts, and certain organic 
compounds. The effect of nitrites can be minimized 
by careful manipulation of the procedure as will be 
shown later. In cases where the interfering com- 
pounds are present in sufficient. quantities to cause 
a significant error, the Rideal-Stewart modification 
"■'must, 'be '"used. 

The reaction involved in the various steps of 
the Winkler method are represented by the following 
equations: Manganous sulphate reacts with the po- 
tassium hydroxide in the alkaline potassium iodide 
mixture to produce a white flocculent precipitate of 
.manganous hydroxide;. 
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MnS 04 + 2 K 0 H = MnCOH)^ + K2SO4 

If the white precipitate is obtained, there was no 
dissolved oxygen in the sample and there is no need 
to proceed further. A brown precipitate shows that 
oxygen was present and reacted with the manganous hy- 
droxide. The brown precipitate is manganic basic 
oxides 

2Mn(0H)2 + 02 = 2Mn0(0H)2 

Upon the addition of the acid, this precipitate is 
dissolved forming manganic sulphate. 

MnO(OH)2 + gH3S04 = Mn(S04)g + SHgO 

There is an immediate reaction between this com- 
pound and the potassiiim iodide previously added, lib- 
erating iodine and resulting in the typical iodine 
coloration of the water. 

Mn(S 04)2 + 2 KI = MnS 04 + K2SO4 + I2 

The quantity of iodine liberated by these reac- 
tions is equivalent to the quantity of oxygen pres- 
ent in the sample. The quantity of iodine is deter- 
mined by titrating a portion of the, solution with a 
standard solution of sodium thiosulphate: 

2Ma2S2 03 t 1 2 ~ Ma2S40Q ■!" SMal 

The thiosulphate is made of such a strength that 
1 ml. = 0.2 mg. of oxygen. Such a solution would 
have a normality obtained as follows: 

(1) 0.2 mg. per ml. =0.2 gms. per liter 

(2) Equivalent weight of oxygen = 8.0 


= 0.025 N 

8.0 



160 


CHEMICAL ANALYSIS OF WATER AND SEWAGE 


The preparation of the stock, ..standard solution from ■ 
which this ' Standard may he prepared; has already been 
discussed on-. page 94«, 

The error due to nitrites is introduced .at the 
time ' the ■: solution is .made acid with sulphuric acid, . 
In. an acid medium^ nitrites react wi'th the... potassium 
iodide liberating iodine. 

2KI f HgS04 = 2HI + K 2 SO 4 

SHNOg + 2HI = 2HgO + NgOg + Ig 

If the reaction was complete at this pointy the 
error due to nitrites in most cases would not be sig- 
nificant. However, if the sample is allowed to stand 
exposed to the air, the oxygen which dissolves will 
react with the NgOg again producing the nitrite. 

ENgOg t EHgO + Og = iHNOg 

This will again liberate more iodine . Should this 
cycle be repeated a sufficient number of times, the 
error introduced would soon become very large. The 
continuous reaction can be minimized by an immedi- 
ate and rapid titration of the sample after it is ex- 
posed .-to the air « 

In the Rideal-Stewart modification, the ni- 
trites, iron and organic .matter are first oxidized by - 
potassium permanganate and excess permanganate re- 
moved with potassium oxalate. Care must be taken not 
to add too great an excess of the oxalate or an error 
■ will be' introduced in the final result. 

... B.iochemical Oxygen Demand 

biochemical oxygen demand determination is 
■a measure of the oxygen required to oxidize the or- 
:,ganic matter, in a sample,, through the agency . of mi- 
crosc.o.pic organisms (bacteria),. The .test consists, „ 
of the, de.termination of ' dissolved oxy.gen prior . to. , - 
■nnd , following a period of incubation ■, at ,20^. Centi- 
,:gradev The' incubation .period is usually Dive days. . 
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If the oxygen demand of., the ■ sample is • greater , ■ ■ than , 
the availahle dissolTed oxygen, a dilution, is made* , 
.The. amount of dilution depends upon the oxygen de- 
mand, and must be such that an appreciable amount of 
dissolved o^xygen (l»5 to 2.0 p.p.m,. minimum) remains, 
after the incubation period. For .wastes or sewage 
having an unknoYm oxygen demand, it is- necessary to 
ma.ke up a number of dilutions in order to be sure 
that one will meet the requirements. 

There are . a number of factors which influence 
the rate of oxidation of organic matter by bacteria 
and hence, the 5-day oxygen demand. The type of di- 
luting water, pH and bacterial content are the most 
important. The diluting water prepared according to 
Section II, page 108 has been temporarily accepted 
as a standard diluting water. The optimum pH is be- 
tween 7,0 and 7.6 and under special conditions the 
pH may require adjustment prior to incubation. Ster- 
ilized sewage effluents pr samples not containing a 
bacterial flora must be seeded with bacteria before 
incubation. It is apparent that directions cannot 
be given which will cover all special conditions en- 
countered in making this test. The methods given 
will meet the majority of situations and the labora- 
tory worker must be able to adopt such modifications 
as to meet the special requirements. 

Some samples of water and sewage have an im- 
mediate oxygen demand and it is sometimes desirable 
to know the quantity of this immediate demand. The 
demand is due to the presence of easily oxidizable 
substances such as hydrogen sulphide, iron, etc,, 
substances which are encountered for instance, in a 
septic sewage. Such a condition, of course, could 
only exist in samples entirely devoid of oxygen. 

The immediate oxygen demand may be determined 
from two dissolved oxygen determinations, one made 
on diluting water and the other on a dilution of the 
waste or sewage with the diluting water. This dilu- 
tion must be of such strength that there will be an 
appreciable amount of oxygen remaining after mixing. 
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The test on the dilution is made Immediately follow- 
ing mixing. The initial demand is calculated as fol- 
lows: 


( 1 ) 


D«0« diluting water X per cent diluting 

water in dilution 

100 


= p.p^m- D.Oa of the dilution before any immedi- 
ate demand is exerted. Let this value = A« 

(2) P.p.ia« D.0« of dilution after mixing = B. 


(5) Then (A - B) X 


100 

per cent sample in dilution 


p,p.m« 


immediate oxygen demand* 

The 5-day biochemical oxygen demand does not 
represent the total demand of the sample for oxygen. 
Sometimes the total demand is desired. This can be 
calculated from the following table which represents 
the per cent of the total oxygen demand satisfied at 
various periods of incubation of the sample. 

The values given in this table apply to sewage^ 
water and industrial wastes in a medium favorable for 
the growth and activity of the bacteria responsible 
for the oxidation of the organic matter. This must 
be borne, in mind and allowance made for conditions 
which tend to interfere with the proper reaction. For 
instance^ in the oxidation of some trade wastes there 
is a decided lag in the rate of oxidation due to un- 
favorable conditions. Or there may be a large 
initial or immediate demand which would not conform 
to the rate indicated. 

The values given in the table are usually known 
as the ^^Relative stability numbers.*’ Relative sta- 
bility, is also a measure of oxygen demand except that 
the values obtained are relative and not absolute. ' 
This test makes use of the . fact that methylene blue 
is ;decolorlzed if, no oxygen is available. A sample 
treated with methylene blue will remain , colored as . 
long 'as- oi^gen is present. At the time when the oxy- 
; gen demand has removed the oxygen a certain per : cent 
of the demand is satisfied. This per cent is,: , that 
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' Rate of Biochemical Oxidation 

... Reriod of incuba- 
. tion at 20^0-. 
(days) 

Per cent of 
demand 
satisfied 


Per cent 
demand 
satisfied 

0.5 

11 

8.0 

84 

1.0 

21 

9.0 

87 

2.0 

37 

10.0 

90 

g.o 

50 

12.0 

94 

4.0 ; 

60 

14.0 

96 

5.0 ■ 

68 

16.0 

97 

6.0 

75 

20.0 

99 

7.0 

80 




given in the above table. For instance^ if a sample 
remains colored for 5 days there was originally suf- 
ficient dissolved oxygen in the sample to satisfy 68 
per cent of the total oxygen demand. 

To calculate the oxygen demand at any period 
from the biochemical oxygen demand (B.O.D.) determi- 
nation the following method may be used: 

Let A = p.p.m. B.O.D. as determined. 

Let B = per cent demand satisfied in the period 
used as obtained from above table. 

Let C = per cent demand satisfied in the period 
desired as obtained from above table. 

4^ X G = p.p.ffl. B.O.D. for period desired. 

B 

Example 

The 5-day B.O.D. of a sample is found to be 
140 p.p.m. Ihat Is the 10 -day B.O.D.? 

Solution ; 

' : : A = 68; and C = 90. 

^ X 90 = 185 p.p.m. lO-day B.O.D. 
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Hydrogen Sulphide 

Hydrogen sulphide is determined hy its reducing 
action on a standard iodine solution* The reaction 
is represented by the folloY/ing equation: 

HgS + I 2 = 2HI + S 

Since. it is not feasible to titrate the sulphide di- 
rectly^ more than the required amount of the iodine 
solution is added and the excess"' determined by titra- 
tion with sodium thiosulphate standard. 

2 Na 2 S 203 + I 2 = Na 2 S 40 © + 2NaI 

The iodine solution is prepared by dissolving 
iodine in a solution of potassium iodide. The pres- 
ence of the iodide increases the solubility of the 
iodine. The solution is standardized against 0.025 N 
sodium thiosulphate and adjusted to be equivalent to 
that solution. 

The strength of the 0..025 N iodine solution in 
terms of hydrogen sulphide is determined as follows: 

Equivalent weight HgS =17.05. 

1 liter of 0.025 N iodine solution = 17.05 
X 0.025 =0.426 grams H^S. 

1 ml. of 0.025 N iodine solution = 0.426 mg. 

H2S • ' , ■ ■ 


Sewage Sludge 

Fertilizer' value 

The value of sewage sludge (digested primary 
sludge) as a fertilizer is low' when compared with 
commercial fertilizers.. It has an especially high':., 
value as ::a soil conditioner . ' Its use as a fertilizer 
and soil conditioner ■ provides the most satisfactory 
means of ..'disposal. . 

This ;diseussion is not, concerned . with' the value,,. 
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of the sludge as a fertilizer, but is concerned with 
the: methods of analysis ■ the sludge for its fer- 
tilizer constituents. The analysis consists of a de- 
termination of moisture, humus, phosphoric acid 
(PgOs), nitrogen, and potash. The latter is often 
omitted since the potash content is consistently low 
and the determination complicated and time consuming. 

The results of a fertilizer analysis are always 
based on the .dry weight of the material, except the 
moisture determination which is based on the weight 
of the sample collected. 

As in all other determinations the accuracy of .. 

the results depends in a large measure on proper^-';;;;;^ ■ 

sampling. A discussion of sampling of sludge for 
fertilizer analysis is given in the Appendix, page 
174. 

The following table gives the limits within 
which the quantities of the various constituents will 
probably lie for both activated and digested sludges. 


Limits of Fertilizer Values in Sewage Sludges 
(Values are per cents on dry basis) 


Phosphoric acid 

(P2O5) 

litrogen. (l) 
Potash (K) 

Humus 


Activated sludge 

1.5- S.O 

3. 5- 5, 5 

0 . 2 - 0. 3 

60-70 


Digested sludge 

1. 0-3.0 

1,5-3. 5^ 
0 . 1 - 0. 3 
25-35 


Loss on ignition and humus ■ 

The loss on ignition determination is not a true 
measure of the organic matter (humus) in a sludge be- 
cause of the decomposition of inorganic salts, car- 
bonates in particular, at the .temperatures used. Al- 
most every method calls for the ignition at ”lo¥ red 
heat^, which is a variable.- temperature depending upon 
the opinion of the worker as to what constitutes a 
^”low red” color. The following table gives the 
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temperatures and corresponding colors of heated "bod- 
ies. 


Temperature of Glowing Bodies 


Color 

Temperature 


Degrees 

Degrees 


Centigrade 

Fahrenheit 

First visible red 

525 

980 

Dull red (low red) 

700 

1292 

Turning to cherry 

800 

1472 

Cherry proper 

900 

1652 

Bright cherry 

1000 

1892 

Dull orange 

1100. 

2012 

Bright orange 

1200 

2192 

White 

1500 

2632 


Calcium carbonate is the principal carbonate in 
sewage sludge. This carbonate is either present 
originally in the sludge or is produced by the par- 
tial ignition of certain calcium organic salts. Al- 
though the temperature at which calcium carbonate de- 
composes is given as 825°C., yet there is evidence 
that partial decomposition takes place at much lower 
temperatures. This being the case, a variable par- 
tial decomposition may take place at 700^C. (low red 
heat) and a much greater decomposition at tempera- 
tures approaching 825®C. 

The results of ignition at low red heat are sub- 
ject to considerable error if the values are to be 
interpreted in terms of humus. This temperature is, 
however, required to assure the complete combustion 
of the; carbon. 

In order to obtain a more accurate value for 
humus in fertilizer, temperatures of ignition should 
be such as to insure a complete decomposition of the 
calcium carbonate and a correction then made. This 
procedure does not take into account other minor 
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losses which may occur due to the presence of other 
mineral salts, lost of the other salts which might 
he present are soluble compounds and would he large- 
ly removed with the sludge liquor, sludge beds or 
filters. The amount of these salts present in most 
cases would be too small to have much significance. 

The decomposition of calcium carbonate takes 
place according to the following equations 

CaCOs = CaO + CO2 
100 56 44 

The figures below the formulas in the above equation 
are the molecular weights. Thus, 44 parts in 100 or 
44 per cent of the calcium carbonate is liberated as 
carbon dioxide gas during ignition. 

The correction may be appreciable in some cases 
and of little significance in others. The calcium 
carbonate content of digested primary sludge varies 
from 5 to 12 per cent of the weight of the dried 
sludge. In activated sludge, since the calcium car- 
bonate content is seldom over 1 to 2 per cent, the 
correction need not be made, in which case the loss 
on ignition may be reported as humus. 

In the determination of calcium the same pro- 
cedure is used as that recommended for the determina- 
tion of calcium in water. This method is discussed 
on page 147. 

Phosphoric acid anhydride (P2O5) 

Phosphates present are reported as their equiva- 
lents in terms of P2O5. In the phosphate determina- 
tion, the organic matter in the dried sludge is 
first decomposed with sulphuric acid. After adjust- 
ing the solution to neutrality with nitric acid and 
ammonium hydroxide, the phosphate is precipitated 
with ammonium molybdate. The precipitate is ammonium 
phospho-molybdate, (MH4) 3PO4 •I2M0O3 . 

This precipitate is dissolved in an excess of 
0.3238 M sodium hydroxide solutions 
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S(NH 4 ) 3 P 04 - 12 Mo 03 + 46HaOH = 2 (KH 4 ) 2 P 04 + (lH 4 )gMo 04 
+ 23IIaMo04 + 22 H 2 O 


The excess of the 0.SS38 I hydroxide used is deter- 
mined by titration with 0,S238 N hydrochloric acid. 
The difference between the quantities used in the ti- 
tration represents the amount of the hydroxide re- 
quired to react in the above equation. 

The 0.5238 N acid and alkali are used because 
1 ml. of alkali having this normality is equivalent 
to 1 mg. of P 2 O 5 , thus simplifying the calculations. 

This value for the normality of the alkali 'can 
be obtained by consideration of the above equation. 

It will be seen that 2 molecules of ammonium phospho- 
molybdate reacts with 46 molecules of sodium hydrox- 
ide. The 2 molecules of ammonium phospho-molybdate 
contain 2 atoms of phosphorus from which it follows 
that 2 atoms of phosphorus in the above equation are 
equivalent to 46 molecules of sodium hydroxide. Since 
this is true one molecule of P 2 O 5 is equivalent to 
46 molecules of HaOH and the equivalent weight of 
P 2 O 5 is its molecular weight divided by 46 or 


142.1 ^ 
46 


3.09. 


At II solution will, therefore, be 


equivalent to 3.09 grams P 2 O 5 per liter or 3.09 mg. 
per ml. and a 0.3238 I solution will be equivalent 
to 3.09 X 0.3238 = 1 mg. PgOs per ml. 


litrogen 

The nitrogen determination consists of first de- 
composing the sludge with a mixture of salicylic and 
sulphuric acids. The salicylic acid is added to pre- 
vent the loss of nitrogen as nitrates since it has 
been found that nitrates are almost entirely decom- 
posed by heating with sulphuric acid alone as fol- 
lows; 


2IIO3 + 13804= K2SO4 + 2HIO3 


The HNO3 is volatile. Salicylic acid retains the 
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nitrates in the form of the nitro compounds 

HNO3 + C6H4OHCOOH = C6H30H(N03)C00H + HgO 

nitro compound 

Sodium thiosulphate is then added to reduce the 
nitro compound to an amino compound which is then 
broken down into ammonia. 

NagSgOs + HgS04 = Na2S04 + H2SO3 + S 
6H2SO3 + 2C6H30H(N03)C00H + 2HgO = 6H2S04 
' + 2 C 6 H 30 H(NH 2 )COOH 

amino compound 

ill nitrogen compounds are then reduced to am- 
monium sulphate hy sulphuric acid. Potassium sul- 
phate crystals are added to increase the ■boiling tem- 
perature of the acid and insure a complete break“down 
of the organic matter. 

After the digestion is complete the solution is 
made alkaline and the ammonia distilled into boric 
acid. 

(NH 4 ) 2 S 04 + 2NaOH = Na 2 S 04 + 2 H 20 + 2 NH 3 

3WH3 + H3BO3 = (HH4)3B03 

The amount of ammonia, all of which has 'reacted 
with the boric acid, is determined by titration with 
0.5 N hydrochloric acid. 

(NH 4 ) 3 BO 3 + SHCl = H 3 BO 3 t 5 NH 4 CI 

The amount of nitrogen equivalent to 1 ml. of 
the 0.5 N acid is determined as follows: 

Equivalent Y/eight of N = 14. 

1 liter of 0.5 N acid is equivalent to 14 X 0.5 
=7.0 grams N or 1 ml. is equivalent to 7.0 mg. N. 

Potash 

The method for the determination of potash is 
discussed under the sodium and potassium determina- 
tion page 150. 
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Sampling 


Sampling of a water, sewage or trade waste, must 
"be accomplished with proper precautions to secure a 
representative sample. Too often the error in sam- 
pling is inconsistent with the accuracy of the de- 
terminations made in the laboratory. It is seldom 
sufficient to rely on the results of a single (’^grab”) 
sample. It is more often necessary to use a compos- 
ite sample made up of a number of individual samples 
or to use the results of analyses of a number of in- 
dividual or composite samples. Good judgment must be 
used in any case in selecting the sampling method to 
be used, the selection of the method often being in- 
fluenced by the laboratory facilities available. It 
is evident that the results of a laboratory analysis, 
however accurate that analysis may be, cannot repre- 
sent an accuracy for the material sampled of a great- 
er degree than the accuracy with which the sample was 
taken. 

In the collection of representative samples, the 
following points must be taken into consideration: 

(1) The character of the laboratory examinations 
to be made. 

(2) The use to be made of the results of the 
analysis. 

(5) The character of the material sampled and 
the variation in character over the period 
of sampling, 

(4) The variation in the rate of flow over the 
period of sampling. 

Samples for the ordinary chemical analysis of 
water and sewage should be collected in clean glass- 
stoppered bottles. The size of the sample collected 
depends upon the analysis to be made. 
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Well water samples 

Well waters are usually quite constant in char- 
acter and composite sampling is not necessary in or- 
der , to ^ ottain representative samples. Before,' the 
sample is taken the well should be pumped for some 
time so that the sample will represent the ground 
water from which the well is fed. The container must 
be rinsed with the water and then completely filled. 
If. an analysis is to be made for dissolved gases^ 
carbon dioxide and oxygen, this analysis should be 
made immediately. 

Ponds and lakes 

Ponds and lakes are often subject to variable 
conditions resulting from natural causes, such as 
seasonal turnovers, rains and winds. This variation 
is usually not as rapid nor over such a wide range as 
is encountered in a flowing body of water. Single 
samples are often sufficiently representative in 
these cases, but they should be taken often enough 
to take into account those variations which are like- 
ly to occur. 

Flowing streams 

Flowing streams are subject to considerable 
variation and in most cases require composite sam- 
pling or the averaging of the results of the analyses 
of a large number of samples. Samples from a stream 
should be taken at a point which most nearly repre- 
sents the conditions in the stream. This point 
should be within the flowing channel and at a depth 
about one -third of the way from the bottom. Wide, 
deep streams may require the collection of samples 
in a number of verticals across the stream and at 
several depths in the verticals in order to obtain a 
representative sample. Composite samples made up of 
hourly individual samples taken according to flow are 
usually considered as representative of the stream 
condition. 
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later treatment plants ■ 

In water treatment plant control j, individual 
samples or composites over short periods of tiine^ 
must be taken at frequent enough intervals and at 
such points in the treatment process so as to deter- 
mine the quantity, of chemicals required and the ac- 
complishments obtained. The exact schedule will 
vary with the particular conditions at each plant. 

For instance, a raw water supply from wells may re- 
quire but one sample a day, while a supply from a 
stream may require hourly sampling. Many laboratories 
have provisions for taking of constant samples at all 
points in the process, the particular water being 
piped to the laboratory. 

Sewage and sewage treatment plants 

In sampling influents and effluents from sewage 
treatment plants or sewage from a sewerage system it 
is particularity important to take composite samples. 
The character of sewage is too variable in short in- 
tervals of time to place any reliance upon individ- 
ual samples. Composite samples should be made up of 
individual samples which vary in size according to 
the relative flows at the time they are taken. 

It is desirable to extend the taking of the 
composite over a 24-hour period, or in smaller plants, 
at least over several hours. A better study of 
plant accomplishments may be made by dividing the 24 
hours into two or more groups and obtaining a com- 
posite for each group. 

Sewage samples may be readily collected by means 
of dippers or cans several inches in diameter. The 
dipper should be Immersed well into the sewage and 
the sample taken as near as possible to a point one- 
third of the distance from the bottom of the channel 
or sewer. The dippers may be made of various sizes 
to conform to the flows obtained. Each individual 
sample should be deposited in a larger receptical of 
sufficient size to hold the composite. The composite 
should be kept at a low temperature in order to 
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inb.i'bit bacterial action and prevent as much change 
in character as is possible. 

Trade wastes 

The methods for sampling trade wastes must be 
suited to the particular waste. If the rate of flow 
and character of the liquid are both variable^ the 
procedure should be similar to that used for sewage. 
In some cases the flow and character are constant 
requiring only an individual sample. Often there are 
times of periodic or occasional discharges of strong 
wastes. An inspection of the trade processes should 
be made before any samples are taken in an endeavor 
to ascertain the methods of waste discharge. 

Sampling for dissolved oxygen 

It is necessary to make dissolved oxygen de- 
terminations on samples at the time of collection. 
This makes necessary the use of individual samples 
for this test. Samples should be taken with extreme 
care so as to avoid contact of the sample with air. 
In order to facilitate the taking of dissolved oxy- 
gen samples, a sampling can similar to that shown in 
Figure 1 may be used. This can should be of such a 
size that the displacement in the can is at least 
four times that of the sample bottle or bottles. The 
use of this can prevents contact of the sample with 
air. The can shown with provision for two bottles 
is convenient for the taking of stream survey samples 
because it is often desired to use one bottle for an 
immediate dissolved oxygen test and the other bottle 
for a biochemical oxygen demand test. 

Sampling of sewage sludge 

Samples of wet sludge being drawn from a tank 
should be composited from individual samples, A 
regular schedule should be adopted for individual 
collections at various times during the drawing oper- 
ation. Ten minute intervals are often used. The in- 
dividual samples should be placed in a large 
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receptacle, well mixed and a smaller sample taken for 
the laboratory. 

If sludge from a drying bed is to be sampled, a 
composite should be made up by taking individual 
samples from various parts of the bed. The bed should 
be divided into a number of sections and individual 
samples taken from the full depth of the material in 
each section. This may be done by forcing a 1 inch 
thin- walled metal tube into the sludge the full 
depth, withdrawing the tube and removing the adher- 
ing sand. A plunger placed in the tube will facili- 
tate the removal of the sample. All of the individ- 
ual samples should be well mixed and ground together. 
The final sample for analysis should be obtained by 
quartering the composite. Quartering consists of 
dividing the pile on the paper into quarters, dis- 
carding opposite quarters, again mixing, quartering 
and discarding until the required size is obtained. 

Sampling of dry material 

Samples of lime, soda ash, alum, dried sewage 
sludge, filter sand, etc., must be taken in such a 
manner as to be representative of the entire mass 
from which they are taken. Individual samples, taken 
from various locations in the material, should be 
composited. This composite should be dried and 
ground, if necessary, to the degree of fineness re- 
quired for the analysis. The sample should then be 
thoroughly mixed. This may be done conveniently by 
placing it on a large sheet of paper and by raising 
alternate corners, rolling the material diagonally 
across the paper. If the sample is too large for 
analysis it must be divided by quartering. 


Use and Care of Laboratory Equipment 
The analytical balance 

The analytical balance is the most important 
piece of equipmeat in the laboratory and should be 
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treated accordingly. The following directions mnst 
he carefully followed if correct weights are to he 
obtained and the sensitivity of the balance used to 
its fullest extent. 

Before using, clean the balance floor and pans 
with a camel *s-hair . brush. While not in use raise 
the balance beain“and pans from their knife-edge sup- 
ports by means of the milled knob outside of the bal- 
ance case. Also raise the pan rests against the 
pans by means of the knob for that purpose. After 
cleaning, lower the balance beam and pans slowly to 
their knife-edge supports. Release the pan rests 
and notice if the pointer swings equal distances on 
each side of the zero of the scale. If it does not 
swing equal distances (within less than one divi- 
sion) it may be adjusted by the adjusting screws or 
the mean position of the swings may be determined and 
used as the zero point. 

With the balance beam and pans lifted from their 
knife-edge supports and the pan rests against the 
pans, place the object to be weighed in the left- 
hand pan and release the pan rests. If the pans 
swing at any time they may be stopped by lowering and 
raising the pan rests. Place a weight in the right- 
hand pan which you judge is just heavier than the ob- 
ject being weighed. Lower the beam support slowly. 

If the weight is too light (pointer moves to right) 
raise the beam support and replace the weight with 
the next heavier one and repeat this operation until 
the first weight is found that is too heavy. Replace 
this weight by the next lighter weight and this will 
be the first weight to be retained on the balance 
pan. Continue adding the next consecutive lighter 
weight and test by releasing the beam support after 
each weight addition. When the weights smaller than 
1 gram are used, release the beam support and use the 
pan rests. Continue adding weights and testing un- 
til within the range covered by the rider. Close 
the balance case door and complete the weighing vritli 
the rider. , 
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Do not touch objects to be weighed, the balance 
or weights with the hands. Handle the weights with 
the weight forceps and carefully return them to 
their proper places in the box. Place the fractional 
weights right side up with the bent corner at the 
right. Always count the weights twice and notice if 
they check with those missing from the box. Before 
leaving the balance have all weights returned to the 
box, the rider removed from the beam, the beam and 
pans lifted off their knife-edge supports, the pan 
rests raised and the pans and balance floor clean. 

Glassware, its use and care 

Volumetric glassware, in particular, should be 
kept clean and free-draining. If the glassware does 
not drain free and dry (no drops of water adhering to 
the glass) it should be cleaned with cleaning solu- 
tion and rinsed several times with distilled water. 

The standard procedure for delivering the cali- 
brated volume from a pipette is as follows: (l) after 
filling to the mark allow the pipette to drain nor- 
mally (do not blow into it). (2) hold it above the 
liquid for fifteen seconds to allow it to drain. 

(S) touch the tip of the pipette to the surface of 
the liquid making no further attempt to remove the 
solution which remains in the tip. 

All glassware should be cleaned with cleaning 
solution or powders, rinsed thoroughly with distilled 
water and allowed to drain dry. Hydrochloric (muri- 
atic acid) is often more effective in cleaning than 
cleaning solution. This is particularly the case 
where the deposits (iron and carbonates) from hard 
water occur. Cleaning should be done as soon as pos- 
sible after use so that the apparatus is always dry 
and ready for use. 

Care and use of platinum 

Platinum dishes are very desirable for solids 
and loss on ignition determinations. Platinum fuses 
at 1770^C. but does not soften to any extent at the 
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temperatures used for ignition. It resists the ac- 
tion of all single acids if pure. It is dissolved 
by chlorine solutions and, therefore, by aqua regia. 
Hydrochloric acid often contains traces of free 
chlorine which will attack the platinum. 

Platinum alloys with most metals, especially 
those in compounds which are easily reduced. Ihen 
heated for a long time in contact with carbon it be- 
comes brittle, forming carbide of platinum. This is 
noticed when a dish is heated in the reducing flame 
of a burner. For this reason the tip of the inner 
cone of a burner flame should always be below (not 
against) the bottom of a platinum dish. 

The following precautions should be observed 
when using platinum: 

(1) Do not heat with compounds of lead, tin, 
zinc, alkali hydroxides and other compounds 
of metals which are easily reduced. 

(2) When igniting with a burner keep the inner 
cone of the flame below the bottom of the 
dish, (Avoid use of the yellow flame.) 

(3) Handle carefully and avoid bending. Use 
platinum tipped tongs. 

(4) For cleaning use a solvent suitable for the 
material to be removed. Cleaning solution 
should be used for organic matter, hydro- 
chloric acid for insoluble carbonates or 
metallic oxides, fusion with sodium car- 
bonate for silica, and fusion v/ith potassium 
bisulphate for such metallic compounds as 
will not be removed by acids. 

(5) Dull surfaces should be polished lightly 
with wet emery, slime or round sand. Do not 
scrape with files or glass rods. 


Formation and Treatment of Precipitates 

Gravimetric determinations in most cases depend 
upon the precipitation of a very slightly soluble 
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cGiiipoiond^ filtering the same, freeing the precipi- 
tate of soluble compounds and drying or ignitingyand 
weighing. Certain precautions must be exercised in 
these procedures. One of the first is the formation 
of a precipitate of sufficiently large particles so 
as to be retained on the filter paper. Heating, ap- 
plying the precipitating reagent slowly and constant 
stirring are all factors in the production of large 
particles. The application of the precipitating 
agent slowly produces a small number of particles 
upon which the remaining precipitate grows. Heating 
and stirring tends to redissolve the smaller parti- 
cles and reprecipitate them on the larger ones re- 
sulting in the formation of larger particles. 

If the precipitate is to be ignited and weighed 
it must be filtered onto quantitative filter paper, 
that is, paper having a low ash content. The weight 
of ash in a 9 cm. quantitative filter paper should 
not be greater than 0.00005 to 0.0001 grams. 

Before a precipitate is weighed it must be 
washed free from the soluble impurities. The first 
washings may be made in the precipitation vessel by 
decantation. To accomplish this, the major portion 
of the precipitate is allowed to settle and the 
supernatent solution decanted through the filter pa- 
per. A small portion of wash water is added and 
thoroughly mixed with the precipitate and this de- 
canted through the paper. After several washings of 
this kind the precipitate is entirely transferred to 
the paper and again washed with several small por- 
tions of wash water. Many small portions of wash 
water are much more effective in washing than a few 
larger portions for the same total volume used. 

After the precipitate is filtered and washed, 
the paper must be folded, placed in the crucible and 
dried before ignition. Usually the Ignition, in 
event no muffle furnace is available, should be Car- 
ried out in the oxidizing flame of a burner of the 
Meeker type. The oxidizing flame is that portion 
outside of the inner cone of the flame, l^he inner 


180 


CHEIICAL ANALYSIS OF WATER AND SEWAGE 


cone; o't a gas flame is :a, reducing ' flame , If a lurner 
is used for ignition, the paper must be completely 
burned in a low flame. The flame is increased and 
the crucible inclined on its side to facilitate the 
ignition of the carbon of the paper. The flame is 
then further increased until the desired temperature 
of ignition is obtained. 


Records 

All data, including weighings, calculations and 
details of computations, should be recorded in some 
form of bound notebook* This permits a ready refer- 
ence to all previous records and makes all laborato- 
ry data available at any time for checking of calcu- 
lations and results. 

Considerable time can be saved in routine analy- 
sis if these notebooks are made up locally and pat- 
terned after a form to comply with the specific 
needs of the laboratory. All data should be entered 
on the right-hand pages of the book, reserving the 
left-hand page for calculations. 

The two forms which follow, one for a water and 
the other for sewage plant laboratory, are consid- 
ered typical and are offered as a basis for the de- 
velopment of forms for laboratory records. Most 
plants develop record forms in which all of the 
laboratory data as well as other plant data is com- 
piled. This data may be in the form of a weekly, 
monthly or yearly record. These forms, also, must 
be made to fill the specific needs. 
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Sample 


Treated 


Temperature 


Turbidity 


Allialinity 

Burette reading after 
Burette reading before 
Ml. 0.02 N acid used 
P.p.m. alkalinity 


Free carbon dioxide 

Burette reading after 
Burette reading before 
Ml. of N/44 alkali used 
P.p.m, .free COg 

Total hardness j, soda reagent 
Burette reading after 
Burette reading before 
Ml, of 0.02 H acid used 
P.p.m. total hardness 

Non-carbonate hardness , p.p.m. 

Residual chlorine, p.p.m. 


Total iron, p.p.m. 
Residual alum, p.p.m. 


Remarks: 
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Sewage Treatment Plant 
Form for Routine Laboratory Data 


Date Analyst 


Sample 

Raw 

Settled 

Filtered 

Final 

Sludge 

pH 






TOTAL SOLIDS 

Wt, of dish and 
solids 

Wt. of dish 

Wt. of solids 
p*p.m. total 
solids 






TOTAL LOSS ON IG- 
NITION 

Wt. of dish and 
solids 

Wt. after ignition 
Loss in weight 
p.p.m. loss on 
ignition 






SUSPENDED SOLIDS 

Wt. of xible and 
solids 

Wt. of xible 

Wt. of solids 
p.p.m. suspended 
solids 





Remarks 

SUSP. LOSS ON IG- 
NITION 

Wt. of xible and 
solids 

Wt. after ignition 
Loss in weight 
p.p.m. loss on 
ignition 





SETTLEABLE SOLIDS 
Ml. per liter 





5-day B.O.D. 

Raw 

Settled 

Filtered 

' , Final 

Incubation period^ days 
Per cent dilution 

Burette reading, after 
Burette reading, before 
Ml. thiosulphate used 
P.p.m. dissolved oxygen 

0 

5 

0 

5 

0 

5 

0 

5 

1 P.p.m. b;q.D. ~ 

r 

1 

r 

1 
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Lists of Apparatus and Chemicals 

For convenience in preparing these lists the 
laboratories have been classified according to the 
chemical determinations required for the control of 
the various types of treatment plants. These are 
basic lists to be used in outfitting the various lab- 
oratories and may require additions or deductions to 
suit the special situations. The classification has 
been made as follows: 

(a) Laboratories for the control of water plants 
with chlorine treatment only. 

(B) Laboratories for the control of water plants 
having coagulation, filtration and chlorination. 

(C) Laboratories for the control of water plants 
having softening, coagulation, filtration and 
chlorination. 

(D) Laboratories for sewage treatment plants in which 
settleable solids, relative stability, hydrogen 
ion (pH) and chlorine determination are made. 

(E) Laboratories for sewage treatment plants Y/here 
solid tests, oxygen determinations, pH and chlo- 
rine tests are made. 

(F) Laboratories for sewage treatment plants in which 
all the usual control tests in this manual are 

■ made. ■ ■ 
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List of Apparatus 


Name HumlDer of Pieces 



A 

B 

C 

D 


F " 

Analytical iDalance 


1 

1 


1 

"■1, ' 

Balance weights 


1 

1 


1 

1 

Trip scales 


1 

2 


1 

1' 

Scale weights 


1 

2 


1 

1 

Drying oven 



1 


1 

1 

Muffle furnace 



1 


1' 

■1 

Incubator SO^C 





1 

1 

Hydrogen ion apparatus 


1 

1 

1 

1 

1 ■ 

Nitrogen distillation apparatus 






1. 

Gas analysis apparatus 






1 

Imhoff cones 




3 '1 

■3 

4 

Sampling can (D.O.) 





1 

1 

Beakers, 2 liter 


2 

4 



2 

Beakers, 1 liter 


4 

6 


2 

2 

Beakers, 600 ml. 


4 

6 



2 

Beakers, 400 ml. 


2 

4 


6 


Beakers, 250 ml. 


6 

12 


6 

6 

Beakers, 50 ml. 


S 

4 



2 

Beaker covers, 75 mm. 


6 

12 



6 

Bottles, glass-stoppered, 32 oz. 

6 

24 

36 


6 

24 

Bottles, glass-stoppered, 16 oz. 

4 

8 

12 


3 

12 

Bottles, glass-stoppered, 8 oz. 


8 

12 

12 

24 

72 

Wash bottles, 1 liter 

2 

6 

8 


2 

4 

Burettes, 50 ml. 


8 

12 


2 ^ 

4 

Burners, Meeker 


^ 2 

2 


2 1 

2 

Burners, Bunsen 


2 

6 


2 

6 

Clamps, burette 


6 

1 ■ ® 


2 

4 

Clamps, condenser 






2 

Clamps, holders 






2 

Clamps, pinch 


12 

12 ^ 


4 

6 

Nessler tubes, 100 ml. 

8 

12 

12 1 

3 

3 : ^ 

24 

Condenser 



1 



1 

Corks, bag 

2 

4 

6 


2 

3 

Cork borers 


1 

1 


1 1 

1 

Crucibles, 46 mm. 


4 

12 



6 

Crucibles, Gooch, 25 ml. 





■4 

18 

Crucible, Gooch, holders 





2 

4 

Graduated cylinders, 1 liter 


2 

1 . 4 ' 


'"2 ■ 

2 

Graduated cylinders, 100 ml; 


2 

1 6 


.2 

2 

Graduated cylinders, 25 ml. 


2 

^ 4 


1' 

2 

Graduated cylinders, 10 ml. 


2 

4 


'■ 1 

2 

Desiccators, 250 mm. 


1 

3 


1 

2 

Evaporating dishes, 75 mm. 


6 

12 


4 

12 

Evaporating dishes, 90 mm. 


. 4 ' 

6 , 


2 

2 
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A 

B 

c 

D 

' E V 

„ F 

Files 


2 

2 


' '1 

.2' 

Filter paper, 9 cm., packages 


6 

12 



'6 

Filter paper, 12 cm., packages 


1 

2 




■Filter paper, quant i tat ire, 9 cm. 



2 



1 

Erlenmeyer flasks, 500 ml. 


6 

8 




Erlenmeyer flasks, 250 ml. 


12 

24 


4 

12 

Tolumetric flasks, 1 liter 


4 

6 


2 

3 

■Volumetric flasks, 500 ml. 



2 



2 

Volumetric flasks, 250 ml. 


' 4 

6 



; ' 4 

Volumetric flasks, 200 ml. 


6 

12 




Volumetric flasks, 100 ml. 


2 

4 


2 

2 

Funnels, 65 mm. 


6 

1 12 


1 

1 

6 

Funnels, 90 mm. 


2 

2 


i 


Funnels, Bueclaner, 80 mm. 






1 

Glass Tubing, 7 mm., lbs. 


5 

10 


1 

3 

KJeldahl flasks, 500 ml. 






4 

X;Jeldaiil flasks, bulbs 






4 

Pipettes, 100 ml. 


4 

6 


2 

2 

Pipettes, 50 ml. 


4 

6 



2 

Pipettes, 25 ml. 


4 

6 



2 

Pipettes, 10 ml. 


4 

6 



2 

Pipettes, 5 ml. 






2 

Pipettes, 1 ml. 

4 

6 

12 

2 

5 

12 

Pipettes, graduated 1/100, 1 ml. 





2 

6 

Pipettes, graduated 1/10, 10 ml. 


2 

6 


2 

6 

Pipettes, graduated 1/10, 5 ml. 



6 




Rings, iron, 4 inch 


2 

4 


2 

6 

Rings, iron, S inch 


2 

6 




Spatulas, 5 inch 





2 

3 

Iron supports 


3 

6 


1 

6 

Test tubes, assorted 


24 

36 


36 

72 

Thermometers, -10 to llO^C 


2 

4 


2 

2 

Thermometers, 0 to 250^0 






2 

Crucible tongs 


4 

6 


2 

4 

Triangles, 2 inch 


6 

6 


2 

4 

Wire gauze, 4 inch 


6 

6 



4 

Suction flasks, 500 ml. 





2 

A 

Rubber tubing , 1/4 inch, (ft . ) 


30 

50 


24 

48 

Rubber stoppers, assorted, (lbs.) 


5 

10 


1 

2 

Desiccator plates, 230 mm. 


1 

3 


1 

2 

Water suction pumps 





2 

4 

Glass rods, 6 mm., (lbs.) 


1 

2 


1 

1 

Soxhlett flask, 150 ml. 





2 

2 

Tripods 


2 

2 


1 

4 

ETaporating dish, platinum 


2 

2 




Water bath, 6 openings 


1 

1 


1 

1 

Platinum tipped tongs 


1 

1 
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A 

E 

C 

D 

' E 


GruciLle tongs, 18 inch handle 



1 


1 

1 

Dropping bottles, 60 ml. 


5 

6 


4 i 

6 

Burette support 


1 

2 


■1 ■ 

2 

Funnel support 


1 

1 


1 

1 

Test tube support 


1 

1 1 


1 

1 

Test tube brush 


2 

3 


3 

5 

Jar brush 


1 

2 


2 

2 

Turbidimeter, Jackson 


1 ' 

1 




Mortar and pestle 


1 

1 
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List of Chemicals 


Name Quantity (pounds) 



A 

B 

c 

D 

E 

F , 

Sulphuric acid, C*P,, 


18 

27 

9 

9 

18 

Sulphuric acid, Tech. 


9 

18 

9 

9 

18 

Potassium dichromate. Tech. 


5 

10 


: 5 

5 

Sodium carbonate, anhydrous 


l/s 

1 



■ 1 

Phenolphthalein (gms.) 


25 

50 



25 

Methyl orange (gms.) 


25 

50 ^ 



25 

Sodium hydroxide, sticks 


5 

10 


5 

5 

Hydrochloric acid, C.P. 


6 

12 



12 

Sodium thiosulphate crystals 


1/2 

1 


1 

1 

Ammonium carbonate 


1/2 

1/2 




Chloroform 


1/2 

1/2 


1/4 

1/4 

Potassium biniodate 







Potassium iodide 


1 

2 


1 

1 

Starch, corn 


1 

1 




Potassium permanganate 



1 



1 

Ammonium oxalate crystals 



1 



1/2 

Asbestos fiber 





1/4 

1/4 

Alcohol, grain (qt.) i 


1 

1 




Castile soap powder 


1 

1 




Ammonium hydroxide 


4 

8 



8 

Calcium carbonate, C.P. 


1/2 1 

1 




Calcium hydroxide, C.P. 



1 




Hydroxylamine hydrochloride 


1/16 

1/4 




Benzidine hydrochloride 


1/16 

1/4 




Potassium chromate, C.P. 


1/4 

1/4 



1 

Silver nitrate, C.P. 


1/4 

1/4 ! 



1/2 

Sodium chloride, C.P. 


1/2 

1 



1/2 

Aluminum sulphate crystals 


1 

1 




Bromine 



1/4 1 




Ammonium chloride 



1 



1 

Di sodium phosphate 



1 




Barium chloride 



1 




Barium hydroxide 



■1 




Platinic chloride 







Potassium chloroplatinate (gms.) 


1 

• 1 




Cobaltous chloride 


1/4 

1/4 




Ferrous ammonium sulphate 


1/2 

1/2 




Potassium thiocyanate 


1/2 

1/2 




Potassium ferricyanide 

■ 






Manganous sulphate crystals 



1 


5 

5 

Nitric acid, C.P. 






7 

Phosphoric acid 







Alizarine Red S. (gms.) 


10 

10 




Sodium bicarbonate 


1 

1 


1 

1 
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^ ■ B 

'■ ■■ ; 

D 

E, : 

'■ F 

Acetic acid^ glacial 

Fuller ^„s earth 

Mercuric chloride 


^ 1 

1 


■ i 

1 

Potassium hydroxide 
Mono-potassium phosphate 
Di-potassium phosphate 

! 

i 




■ , 

2 

Silver nitrite (oz.) 

Sulphanilic acid 

A-naphthylamine hydrochloride 
Glass wool 



1 



1 

Silver sulphate 
■Phenol 

Sulphuric acid, fmlng 

Potassium nitrate 






1 

Potassium oxalate 






1 

o-tolidlne (gms,) 

25 

25 

25 

25 

25 

25 

Copper sulphate 

Potassium dlchromate, C.P, 






1 

Iodine 1 






1/4 

Methylene "blue (gms.) 




10 : 

10 

10 

Sodium hypochlorite (oz,) 
Molybdic acid 

4 

4 

4 



1 

Salicylic acid 






1/2 

Boric acid 






1 

Phenolphthalin 

Thymolphthalein 

Potassium chloride 






1 

2y 6-dibromoquinonechloroiniide 
Potassium bromate 

Potassium bromide 

Hydroquinone 






^ 1 

Ferric ammonium sulphate 






■1 

Litmus paper (vials) 


2 

4 



4 

Potassium sulphate crystals 






1 
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I 


1 


Atomic Weights 

Element Symbol A t omi c , l.e igh t 


Aluminum 

A1 

26.97 

Barium 

Ba 

1S7.56 

Bromine 

Br 

79.92 

Calcium 

Ca 

40.08 

Carbon 

C 

12.00 

Chlorine 

Cl 

35.457 

Chromium 

Cr 

52.00 

Copper 

Cu 

63.57' 

Hydrogen 

H 

1.008 

Iodine 

I 

126.932 

Iron 

Fe 

55.84 

Magnesium 

Mg 

24.32 

Manganese 

Mn 

54.93 

Molybdenum 

Mo 

96.00 

Nitrogen 

N 

14.008 

Oxygen 

0 

16.00 

Phosphorus 

P 

31 .OP 

Platinum 

Pt 

195.23 

Potassium 

K 

39.10 

Silicon 

Si 

28.06 

Silver 

Ag 

107 .88 

Sodium 

Na 

22.997 

Sulphur 

S 

32.06 
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Molecular and Equivalent Weights 


Compound 

Formula 

Molecular 

Weight 

Equivalent 

Weight 

Aluminum sulphate 

Ala ( 304)3 

342.14 

57.02 

Alum 5 crystals 

Al2(S04)3-18H20 

666.43 

111.07: 

Aluminum oxide 

AI 2 O 3 

101.94 

16.99 

Ammonia 

M 3 

17.03 

17.03 

Ammonium chloride 

M 4 CI 

53.50 

53.50 

Ammonium hydroxide 

M 4 OH 

35.05 

3.5.05 

Ammonium nitrate 

HH 4 NO 3 

80.05 

80.05 

Ammonium oxalate 
Ammonium oxalate, 

(NH4)2C304 

124.08 

62.04 

crystals 

Barium chloride, 

(HH 4 ) 2 C 204 -H 20 

! 142.09 

71.05 

crystals 

BaCls-SHaO 

244,31 

122.15 

Barium sulphate 

BaS 04 

233.42 

116.71 

Boric acid 

H 3 BO 3 

62.02 


Calcium carbonate 

CaCOs 

100.08 

50.04 

Calcium chloride 

CaCl 2 

110.99 

55.50 

Calcium hydroxide 

Ca( 0 H )2 

74.10 

37.05 

Calcium oxalate 

CaC 204 

128.08 

64.04 

Calcium oxide 

CaO 

56.08 

28.04 

Calcium sulphate 

CaS 04 

136.14 

68.07 

Carbon dioxide 

CO2 

44.00 


Copper sulphate 
Ferrous ammonium 

CUSO 4 

159.66 

79.83 

sulphate 

FeS04 (M 4 ) 2 - 6 H 20 

392.13 

196.07 

Ferrous sulphate 
Ferrous sulphate, 

FeS04 

151.90 

75.95 

crystals 

FeS04*7H20 

278.01 

139.00 

Ferric chloride 
Ferric chloride, 

FeCla 

162.21 

54,07 

crystals 

FeCl 3 ’ 6 H 20 

270.30 

90.10 

Ferric hydroxide 

Fe(QH )3 

106.86 

35.62 

Ferric oxide 

Ferric sulphate, 

FegOa 

159.68 

26.61 

crystals 

Fe 2 (SO 4 ) 3 • 9 H 20 

562.00 

93.67 

Ferric sulphocyanate 

Fe(CNS )3 

230.04 

76 .68 

Hydrochloric acid 

HCl 

36.47 

36,47 

Hydrogen sulphide 
Magnesium ammonium 

H 2 S 

34.08 

17.04 

phosphate 

MgM 4 P 04 

137.38 


Magnesium carbonate 
Magnesium bicar- 

IgCOs 

84.32 

42,16 

bonate 

Mg(HG03)2 

146.34 

73,17 

Magnesium chloride 

IgCls 

95.23 

47.62 

Magnesium hydroxide 

Mg( 0 H )2 

58,34 

29.17 
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Compound 

Formula 

Molecular, 

Weight 

Equivalent 

Weight 

Magnesium pyrophos- 
phate 


222.68 


lagnesium sulphate 

MgS 04 

120.56 

60.18 

Magnesium sulphate, 
crystals. 

: MgS 04 - 7 H 20 

246.50 

123.24 

Manganous sulphate 

1 MnS 04 

150.99 

75.50 

Manganous sulphate, 
crystals 

MnS 04 -4112 0 

223.05 

111.53 

lolytdic acid 

H 2 M 0 O 4 

162.02 


Nitric acid 

HIO 3 

65.02 

63.02 

Oxalic acid 

H2C2O4 

90.02 

45.01 

Oxalic acid, crys- 
tals 

^2^204 *2H20 

126.05 

65.02 

Phosphoric acid 

H 3 PO 4 

98.04 

32.68 

Phosphorous pentox- 
ide 

P 2 O 5 

142.05 


Platinic chloride 

PtCl 4 

557.06 

84.76 

Potassium chloride 

KCl 

74.56 

74.56 

Potassium chlor- 
platinate 

KgPtCle 

486.17 


Potassium chromate 

K 2 Cr 04 

194.20 


Potassium thiocya- 
nate 

KCNS 

97.17 

97.17 

Potassium cyanide 

KCN 

65.11 

65.11 

Potassium dichromate 

K 2 Cr 207 

294.20 

98.07° 

Potassium ferricya- 
nide 

KsFeCCN)^ 

529.19 


Potassium hydroxide 

KOH 

56.11 

56.11 

Potassium iodide 

KI 

166.03 

166.03 

Potassium permanga- 
nate 

KMn 04 

158.03 

51.61° 

Potassium nitrate 

mo 3 

101.11 

101.11 

Potassium oxalate, 
crystals 

^2^204 

184.22 

92.11 

Potassium sulphate 

K2SO4 

174.26 

87.13 

Silica 

SiOa 

60.06 


Silver chloride 

AgCl 

143.34 

143.34 

Silver chromate 

Ag 2 Cr 04 

531.76 


Silver nitrate 

AgNOa 

169.89 

169.89 

Silver sulphate 

Ag 2 S 04 

511.82 

■155.91 

Silver nitrite 

AgNOs 

155.89 

76.94 

Sodium carbonate, 
anhydrous 

Na 2 C 03 

105.99 

53.00 

Sodium bicarbonate 

NaHCOs 

84.00 

84.00 

Sodium chloride 

NrCl 

58.45 

58.45 

Sodium hydroxide 

HiOE, 

40.00 

40.00 


® In acid oxidation and reduction. 
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Compoimd 

j ■ 

Formula 

Molecular 

Weight 

Equivalent 
.. Weight 

Sodium hypochlorite 

HaOCl 

'74*45 


Sodium sulphate 

NagSO^ 

142.05 

71.0,3 , 

Sodium thiosulphate 
Sodium thiosulphate, 

Sla^SgOs 

,158.11 

158.11'*' 

, crystals 


248.19 

248. 19+ 

Sulphuric acid i 

H2SO4 

98.08 

49.04 

Water 

H2O 

18.02 

9.01 


In oxidation-reduction reactions. 


Cliemlcal Equations 

Heutralization reactions 

HCl + HaOH = NaCl + HjO 
2HC1 + NazCOa = 2NaCl + H2CO3 
H2SO4 + 21JaOH = HaaSO* + 2H2O 
H2S04 + NajCOa = NaaSO^, + H2CO3 
£2804 + SNaHCOs = Ha2S04 + SlgCOs 
H2SO4 + Ca(HC03)2 = CaS04 + EHgCOa 
HaS04 + CaCOa = Ha2S04 + H2CO3 
2NaOH CO2 — NaaCOa "t" H2O 
IIH4OH + HCl = NH4CI + H2O 

Double decomposition 

MgCla + Ca(OH)2 = Mg (OH) a + CaCla 

MgS04 + CaCOHyz = Mg(OH)2 + CaS04 

CaO ■1' HaO — Ca(OH) a 

AgHOa + NaCl = AgCl + KaNOg 

HAgHOa + Na2Cr04 = Ag2Cr04 + ENaNOa 

FeCla + SNH4OH = Fe(OH)3 + SNH4CI 

AICI3 + SHa40H = A1(0H)3 + 3NH4CI 

Ca(OH)a + (NH4)2C204 = CaC204 + 2NH4OH 

MgCla + NH4OH + Ha2HP04 = MgNH4P04 + 2 KaCl + HaO 

2MgNH4P04 + heat = MggPaO^ + 2NH3 + HaO 

BaCla + CaS04 = BaS04 + CaCla 

2 KC 1 + HaPtCla = KaPtCle + 2 HC 1 

FeCla + 3 KCNS = Pe(CNS)3 + 3 KC 1 

MnS 04 + EKOH = lIn(OH)2 + K2SO4 

2 (NH 4 ) 3 P 04 - 12 Mo 03 + 46 B: 0 H = 2 (NH 4 )aHP 04 + (NH 4 ) 2 Mo 04 
+ 2SEaMo04 + 22HaO 

Ala (804)3*1^120 + SCaO = 8A1(0H)3 + SCaSOt + ISHaO 
Ala(S04)3-18H20 + 3 Ca( 0 H )2 = 2Al(OH)3 + SCaS04 + I8H2O 
Al 2 (B 04 ) 3 *a 8 Ha 0 + SCa(HC03)3 = 2A1(0H)3 + SCaS 04 + ISHaO 

■ + ' 
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Al2(S04)3>18H20 +3Na2C03 = 2A1(0H)3 + 5Ia2S04 + ISHsO V,; 

' ■■ ■+ .SCOg' 

Ga(OH)2 8O2 ~ CaCOs + HgO 
Ca(OH)2 + Ca(HG03)2 = BCaCOa + pHsO 
Ca(OH)2 + FeS04-7H20 = CaS04 + Fe(OH)2 + 

Ca(0H)2 + MgCOa = CaCOs + Mg(OH)2 

Ca(0H)2 + lg(HC03)2 = CaCOa + MgCOs + 2H3O 

Ca{^OH)2 ~ CaCOa 2NaOH 

CaCOa + GOg HgO — Ca(HC 03 )i 2 

CaClg + NagCOs = CaCOg + 2 NaCl 

CaS04 + NagCOa = CaCOa + Na2S04 

MgClg Ga(OH)2 ~ Mg {oh} 2 + CaClg 

MgS 04 + Ca(OH)2 = Mg (OH) 2 + CaS 04 

IgCls + NaaCOa = IgCOg + BNaCl 

IgS04 + NasCOs = IgCOs + Na2S04 

Oxidation-reduction reactions 

KsCrsOr + 6£I + 7H2SO4 = 4X2SO4 + Crg (804)3 + + SIg 

SNasSgOa + I2 = Na2S405 + gNal 
SKln04 + 5(NH4)2C204 + 8H2SO4 = K2SO4 + 2MnS04 
+ 5(NH4)2S04 + 10 CO2 + 8H2O 
2KMn04 + 5CaC204 + 8H3SO4 = K2SO4 + 2MnS04 + 5CaS04 
+ 10 CO2 + BHgO 
2Mn(0H)2 + O2 = 2MnO(OH)2 


ConYersion Factors 


1 milligram per liter. = 

1 Mlogram. = 

1 pound. , = 

1 grain per gallon. ......... = 

1 part per million. ......... = 

1 .gallon. . =, 

1 cutlc foot. 

1 cubic foot of water, .. . ... = 

1 gallon of water 

1 gallon. = 

1 liter............ ...... =, 

1 liter. = 

1 liter = 

1 inch. 

1 centimeter = 

1 cubic foot per second..... = 
1 cubic foot per second..... = 
1,000,000 gallons per 24 hr. = 
1,000,000 gallons per 24 hr. = 


1 part per million 
2.205 pounds 
453.6 grams 

17.12 parts per million 

0.0584 grains per gallon 

231 cubic inches 

7.48 gallons 

62-4 pounds 

8.34 pounds 

3.785 liters 

0.2642 gallons 

1.057 ^ ^ ^ ^ ^ ^ ^ 

61.02 cubic inches 
2.54 centimeters 
0.3937 inches 

646,300 gallons per 24 hours 
449 gallons per minute 
1 .547 cubic feet per second 
694 gallons per minute 
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1 part per million. = 8.34 pounds per million gallons 

1 pound per million gallons. = 0.1199 parts per million 
1 acre. ..................... = 43,560 square feet 

1 gram...... = 15.432 grains 

1 pound. = 7000 grains 

1 meter 39.37 inches 

1 cubic centimeter... = 0.0610 cubic inches 

1 cubic inch,... = 16.387 cubic centimeters 

1 quart,..,.... = 0.946 liters 

1 gram...... = 0.0353 oxmces 

1 ounce, = 28.3495 grams 

Centigrade temperature = (Fahrenheit ~ 32) X 

Fahrenheit temperature = (Centigrade X +32 


Metric System of Measures and Weights 
Length 


1 meter * = 10 decimeters (dm.) 

1 decimeter = 10 centimeters (cm.) 

1 centimeter = 10 millimeters (mm.) 

Volume 

1 liter (l)........ = 1000 milliliters (ml.) 


Mass 


1 kilogram (kg.) 
1 gram 


= 1000 grams (gm. ) 

= 1000 milligrams (mg.) 
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Chemical Factors 

The following factors are derived from the equivalent 
weights of the various elements, radicals and compounds. To 
change from the weight of the known compound to its equivalent 
of the unknown multiply the weight of the known by the factor. 


Known 

Unknown 

Factor ' 

AI 2 O 3 

A1 

0.5303 

AI 2 O 3 

Al 2 (S 04 ) 3 - 18 H 20 

6.5375 

A1 

A 1203 

1.8856 

AI 2 (SO 4 ) 3 “ I 8 H 2 O 

A 1203 

0.1530 

Al2(S04)3“18H20 

CaO 

0.2525 

Al2(S04)3*18H20 

Ca( 0 H )2 

0.3335 

Al2(S04)3-18H20 

Na 2 C 03 

0.4776 

BaS04 

SO 4 

0.4115 

Ca 

CaO 

1.3390 

Ca 

CaC 03 

2.4967 

Ca 

Ca( 0 H )2 

1.8487 

Ca 

Cs (HCO 3)2 

4.0443 

Ca 

CaCl 2 

2.7693 

Ca 

CaS 04 

3.3967 

CaO 

Ca 

0.7149 

CaO 

Ca( 0 H )2 

1.3208 

Ca(QH )2 

CaO 

0.7571 

CaO 

CaC 03 

1.7843 

CaO 

CO 2 

0.7846 

CaCOs 

Ca( 0 H )2 

0.7404 

C aCO 3 

CaO 

0.5604 

CaCOs 

Mg 

0.2430 

CaC 03 

CO 2 

0.4395 

CaCOa 

H 2 SO 4 

0.97B6 

Ca(0H)2 

CO 2 

0.5938 

CO 2 

CaO 

1.275-0 

CO 2 

Ca( 0 H )2 

1,68.40 

GO 2 

CaCOa 

2.2750 

CO 2 

NaOH 

1.8204 

Fe, ■ 

FeaOa 

2.8483 

Fe 

FeCla 

2.9025 

Fe 

FeS04*7H20 

4.9787 

Feh' 

F6S04(ra4)2S04-6H2Q 

7.0224 

Fe 

CaCOa 

1.7941 

Fe203 

Fe 

0.6994 

Fe 203 

FeCla 

2.0317 

Fe203 

FeS04 

1.9026 

FeS04“7H20 

FeS 04 

0.5464 

FeS04-7H20 

Fe 

0.2008 

FeS04(M4)2S04'6H20 

.."'Fe 

0,1424 
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' Inom . 

Unknown. 

..Factor 

Ig 

CaCOg 

4 ; 1151 

Ig 

Mg(OH)2 

,' 2 . 3960 ■■■■■ 

Mg' : 

CaO 

2.3059 

Mg 

Ca(OS)2 

3.0467 

MggPgO^ 

Mg 

0,2184 

Mg 

MgS 04 

4,9490 

Ig 

MgCla 

3.9105 

Na 

HaCl 

2.5417 

laCl 

Na 

0.3934 ’ 

Ha2G03 

Al2(S04)3-18H20 

2.0959 

HEgCOs 

CaCOa 

0.9442 

CaCOg ^ 

MaaCOa 

1.0591 

H 2 SO 4 

CaCOs 

1.0208 

H 2 SO 4 

CaO 

0.5720 

H 2 SO 4 

Ca(OH )2 

0.7556 

H2SO4 

HagCOs 

1.0809 

HCl 

NagCOs 

1.4534 

NaOH 

H2SO4 

1.2242 

H2SO4 

KaOH 

0.8168 

NaOH 

CO 2 

0.5493 

HaS 04 

Mg 

0.2480 

AgSOs 

Cl 

0.2087 

KMZ1O4 

Ca 

0.6341 

KM11O4 

0 

0.2531 

0 

KMn04 

3.9507 

Ca 

KMn04 

1.5771 

(NH 4 ) 2 C 204 *H 20 

KMn04 

0.4448 


K 

0.1608 

KgPtCle 

KCl 

0.3067 

KaPtClo 

K2O 

0.1937 

Kiyto .04 

Mn 

0.3476 

N 

HH4CI 

3.8190 

n 

M 3 

1.2158 

M 3 

N 

, 0.8225 : 

N 

NO2 

3.2844 

MOa 

H 

0.3045 

M 

IO 3 

4.4266 

M 3 

M 

0,2259 

0 

I 

15.8665 

, . 

0 

0.0630 


I 

0.5114 

SaaSaOs'SHgO 

0 

0.003223 

HagSgOs^SHgO 

^sCir 2 C 7 

0.3951 

MagSaOs ■ SHgO 

KIOs-HIOa 

0.1309 

I 

MasSaOs-SEgO 

. 1.9553 

0 

HagSgOg-SHsO 

31.0238 

KgCpgOT' 

ISa 2 S 203 * 5H2O 

'2.5307 

KIOa'EXOa 

Ha 2 S 203 * 5 H 20 

7.6371 
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■ . A . ■ 

Acetic acidj 50^, lOS 
Acidity in water, 8 
Acidity in sewage, 52 
Acids in trade wastes, 85 
Actiwated sludge, solids,... 50 
Albuminoid nitrogen in water, 55 
Albuminoid nitrogen in sewage, 59 
Alcohol , 80^, 99 
Alizarin red S, 102 
Alkalinity of water, 6 
Alkalinity of sewage, 50 
Alkalies in trade wastes, 85 
Alkalinity and acidity, discus- 
sion, 128 

Alkaline potassium iodide, 106 
Alpha-naphtl:^lamine, 105 
Alum, residual, 28 
Alum, per cent AI2O3, 42 
Alum solution, standard, 101 
Alum standards, permanent, 102 
Aluminum tydroxide, 98 
Ammonia nitrogen in water, 52 
Ammonia nitrogen in sewage, 59 
Ammonia-free water, 105 
Ammonia standards, permanent, 105 
Ammonia, standard solution, 104 
Ammonium chloride, 10^, 99 
Ammonium oxalate, saturated, 99 
Ammonium oxalate, standard, 106 
Apparatus and chemicals, lists, 185 
Asbestos emulsion? 95 
Atomic weights, 189 

B 

Barium chloride, 10^, 99 
Barixim hydroxide reagent, 99 
Benzidine lydrochloride, 97 
Biochemical oxygen demand of 
sewage, 65 

Biochemical oxygen demand of 
polluted water, 81 


Boric acid, 4^, 110 
Bromine water, 98 
Bromine standard, 0.1 N, 112 
Buffer, weak for phenols, 111 
Buffer, strong for phenols, 114 

C 

Calibration of bottles, 103 
Calcixim, gravimetric, 16 
Carbon dioxide in water, 8 
Carbon dioxide in sewage, 76 
Carbonate and non-carbonate hard- 
ness, 12 

Chemical factors, 195 
Chemical equations, 192 
Chloride in water, 14 
Chloride in sewage, 64 
Chlorine, residual in water, 0- 
tolidine, 28 

Chlorine residual in water, starch- 
iodide, 28 

Chlorine residual in sewage, 0- 
tolidine, 65 

Chlorine residual in sewage, starch- 
iodide, 64 
Chlorine demand, 65 
Chlorine, discussion, 154 
Chlorine water, standard, 109 
Chlorine standards, color, 107 
Cleaning solution, 108 
Coagulants and coagulaticsn, 1S5 
Collection of samples, 171 
Color, 29 

Color standards, 102 
Conversion factors, 195 
Copper sulphate 0.05?£, 111 
Copper sulphate for phenols, 115 
Copper sulphate reagent, 109 
Cyanides, 82 

D 

Dibromoquinonechlorlmide, 2, Sj 112 
Diluting water for B.O.D., 108 
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Dis solved oxygen in water, 

: \finkler, 57 ' 

Dissolved oxygen in water, Rideal- 
, Stewart,: 58 

Dissolved oxygen in sewage, 
f inkier, 55 

Dissolved oxygen in sewage, Rideal- 
Stewart, 54 

Dissolved oxygen polluted water, 

■ Winkler, 78 

Dissolved oxygen polluted water, 
Rideal-Stewart , 80 
Dissolved solids in water, 4 
Dissolved solids in sewage, 49 
Disodium phosphate, 105£, 99 

E 

Equations, 192 

Ether soluble matter (See Fats) 


hydrochloric acid, stock stand- 
ard solution, 95 

Hydrochloric acid, approximately 
1.0 N, 109 

Hydrochloric acid, 0.5258 I, 110 
hydrochloric acid, 0.5 N, 110 
hydrochloric acid, approximately 
0,2 N, 115 

Hydroxylamine hydrochloride, 97 
Hydrogen, in sewage gas, 77 
^drogen-ion concentration (pH) of 
water, 8 

hydrogen-ion concentration (pH) of 
sewage, 52 

hydrogen-ion concentration (pH) of 
sludge, 68 

Hydrogen sulphide, 66 
Humus, 70 

I 


F 

Factors, conversion, 195 
Factors, chemical, 195 
Fats in sewage, 65 
Fats in sludge, 69 
Ferric chloride, lOjS, 114 
Ferrous iron, 26 

Ferrous ammonium sulphate, stand- 
ard, 101 

Fertilizer value of sewage sludge, 69 
Formation and treatment of pre- 
cipitates, 178 
Fundamentals, 98 

■ . G 

Gas, sewage, analysis, 76 
Grease in sludge, 69 

H ■ 

Hardness, soap method, 9 
Hardness, soda reagent, 10 
Hardness, gravimetric, 11 
Hardness, carbonate and non- 
carbonate, 12 

Hardness, water, and softening dis- 
cussion, 157 


Iron and aluminum oxides, 15 
Iron, volumetric, 84 
Iron, total and residual, 25 
Iron standards, permanent, 99 
Iron, standard solution, 100 
Iron, ferrous, 26 
Iodine, standard, 108 

L 


Lime, per cent oxide or hydroxide, 40 
Lime, per cent calcium, 41 
Limewater, 97 

Lists of apparatus and chemicals, 185 


Loss on ignition. 
Loss on ignition, 
Loss on ignition, 
water, 4 

Loss on ignition, 
sewage, 48 
Loss on ignition, 
ter, 5, 

Loss on ignition, 
sewage, 49 


total in water, ,2 ' 
total in sewage, 47 
suspended in 

suspended in 
dissolved in wa- 
dis solved in 


M 


Magnesium, volumetric, 12 
Blagnesium, gravimetric, 17 



Manganese jp £7 

Manganous sulpimte, standard, 101 
Manganous sulphate for dissolved 
•oxj^gen, 100' 

Methylene blue, 108 
Methyl orange, 95 
Metric system, 194 
Mineral analysis of water, 21 
Mineral analysis, discussion, 146 
Molecular and equivalent weights, 190 
Moisture in sludge, 66 
Moisture in fertiliser, 70 
MolyMate; solution, 109 
Mechanical analysis of sand, 43 

' N 

Hessler reagent, 104 
Nitrogen, ammonia, in water, 32 
Nitrogen, ammonia, in sewage, 59 
Nitrogen, albuminoid, in water, 35 
Nitrogen, albuminoid, in sewage, 59 
Nitrogen, nitrite, in water, 55 
Nitrogen, nitrite, in sewage, 62 
Nitrogen, nitrate, in water, 36 
Nitrogen, nitrate, in sewage, 62 
Nitrogen, organic, in water, 34 
Nitrogen, organic, in sewage, 60 
Nitrogen, total, in sludge, 73 
Nitrogen, ammonia, standard, 104 
Nitrate, standard, 105 
Nitrite, standard, 105 
Nitrogen, discussion of, 155 
Nitric acid reagent, 101 
Non- carbonate hardness, 12 

0 

Odor, qualitative, 31 
Odor, quantitative, 51 
Organic nitrogen, in water, 34 
Organic nitrogen, in sewage, 60 
Os^'gen consumed in water, 39 
Oscygen consumed in sewage, 57 
Oxygen, dissolved in water, 

Winkler, S7 

Oxygen, dissolved in sewage, 
lirikler, 53 

Oxygen, dissolved in polluted water, 
Winkler, 78 


Oxygen,' dissolved in waner, Rideal- 

Stewart, 38 

Oxygen,' "dissolved in sewage, Rideal- 

Stewart, 54 

Oxygen, dissolved in polluted water, 
Sideal-Stewart, SO 
Oxygen, biochemical demand, in sew- 
age, 55 

Oxygen, biochemical demandj in pol- 
luted water, 81 
Oxygen, discussed, 157 
o-tolidine, 107 


pH of water, 8 
pH of sewage, 52 
pH of sludge, 68 
Phenolphthalein indicator, 95 
Phenolphthalin for cyanides, 110 
Phenol, Baylis modification, 86 
Phenol, bromine method, 89 
Phenol, standard solution, 111 
Phenoldisulphonic acid, 105 
Phosphoric acid in fertilizer, 72 
Phosphoric acid, 10^, 113 
Phosphoric acid, 50^, 115 
Phosphate buffer, 105 
Platinic chloride, 10^, 99 
Potash, 74 

Potassium and sodium, 20 
Potassium, 21 

Potassium ciu'omate indicator, 97 
Potassium ferricyanide, 101 
Potassium hydroxide for carbon di- 
oxide, 110 

Potassium oxalate for dissolved oxy- 
gen, 106 

Potassium permanganate for iron, 100 
Potassium permanganate for dissolved 
oxygen, 106 

Potassium permanganate for oxygen 
consumed, 106 

Potassium permanganate, alkaline, 104 
Potassium permanganate, stock stand- 
ard solution, 94 

Potassium permanganate, 0.1 N, 113 
Potassium permanganate, 0.126 N, 99 
Potassium thiocyanate, 100 
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R' '■ 

Records, 180 
Relative stability, 58 
Residual alum, 28 
Residual clilorine in water, o- . 
tolidine, 28 

Residual chlorine in sewage, o- 
tolidine , 63 

Residual chlorine in water, starch- 
iodide, 28 

Residual chlorine in sewage, starch- 
iodide, 64 

S 

Sand, mechanical analysis, 43 
Salicylic acid mixture, 110 
Sampling, 171 

Scheme for mineral analysis, 21 

Settleable solids, 50 

Sewage analysis, methods, 46 

Sewage gas analysis, 76 

Sewage sludge, fertilizer value, 69 

Sewage sludge, discussed, 164 

Silver nitrate, standard, 98 

Silver nitrate, reagent, 101 

Silver sulphate, standard, 105 

Sludge, preparation for analysis, 70 

Sludge analysis, 66 

Sludge, index, 61 

Soap method for hardness, 9 

Soap solution, standard, 96 

Soda reagent method for hardness, 10 

Soda reagent, 97 

Soda ash, 42 

Sodium and potassium, 20 
Sodium bicarbonate, saturated, 102 
Sodium tydroxide, 12 N, 105 
Sodium tydr oxide, 205&, 112 
Sodium hydroxide, approximately 
0.2 N, 113 

Sodium tydroxide, stock standard 
solution, 92 

Sodium hydroxide, 0.02 N, 96 
Sodium hydroxide, N/44, 96 
Sodium tydroxide, 0.05 K, 97 
Sodium hydroxide, 0.32S8 N, 110 
Sodium hydroxide, 0.2 H, 111 


Sodium nitrite standard, 105 
Sodium nitrate standard, 105 
Sodium thiosulphate stock standard 
solution, 94 

Sodium thiosulphate, 0.026 N, 106 
Sodium thiosulphate, 0.001 N, 108 
Sodium thiosulphate, 0.1 I, 112 
Solids, in activated sludge, 50 
Solids, total, in water, 1 
Solids, total in sewage, 46 
Solids, suspended, in water, 3 
Solids, suspended, in sewage, 47 
Solids, dissolved, in water, 4 
Solids, dissolved, in sewage, 60 
Solids, settleable, 50 
Solutions and reagents, 95 
Specific gravity of sludge, 67 
Standard solutions, preparation of , 91 
Standard solutions, discussed, 123 
Starch indicator, 106 
Sulphate, volumetric, 13 
Sulphate, gravimetric, 16 
Sulphuric acid, 2^, 99 
Sulphuric acid, dilute, 100 
Sulphuric acid, 1 to 3, 106 
Sulphuric acid, stock standard so- 
lution, 91 

Sulphuric acid, 0.02 N, 95 
Sulphuric acid, 0.1 N, 113 
Sulphanilic acid, 106 
Suspended solids in water, 3 
Suspended solids in sewage, 47 

T 

Tables, atomic weight, 189 
Tables, chemical factors, 195 
Tables, conversion factors, 193 
Tables, metric system, 194 
Tables, molecular and equivalent 
weights, 190 
Thymolphthalein, 111 
Total and residual iron, 25 
Total hardness, soap, 9 
Total hardness, soda reagent, 10 
Total hardness, gravimetric, 11 
Total nitrogen in sludge, 73 
Total solids in water, 1 
Total solids in sewage, 46 



INDEX 


Turbidity,,. 29 

Turbidity stsudards, 10,5 ' 

Turbidity standards , Baylis , 103 

, 

Uni ts,„ metric, system, 194 , 

Use and care of laboratory equip- 
ment, 175 


Volatile matter- in sewage, 47 
Volatile matter in, sludge, 67 

W 

Kater analysis , methods , 1 
Water, 'Scheme for mineral analy- 
sis, 21 

Water, polluted, methods, 78 
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Volatile matter in water, 2 


